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Marcu 1955 


THE INSTITUTE OF PETROLEUM 


An Ordinary General Meeting of the Institute of 
Petroleum was held at Burlington House, London, W.1, 
on 20 October 1954, the Chair being taken by the Presi- 
dent, Lt.-Col. 8S. J. M. Auld, O.B.E., M.C., D.Se. 


The General Secretary read the minutes of the previous 
meeting, which were confirmed and signed as a correct 
record. He then announced the names of members 
elected since the previous meeting, and gave notice of 
the date of the next meeting. 


The President, introducing the author of the paper to 
be presented, said: It gives me much pleasure to be in 
the Chair tonight, and to present our ever popular 
speaker, Dr Gustav Egloff. to introduce him would be 
work of supererogation, for there is nobody I know in 
the profession of petroleum technology who has gained 


more respect and popularity and is so well known in all 
parts of the world. He is truly a man of dynamic 
personality. His energy seems unbounded, and I can 
well understand his winning wrestling championships at 
Cornell prior to wrestling with his innumerable patents 
and papers and establishing records with them. 

The history of the Institute of Petroleum seems to have 
been built up around Dr Egloff, and has fortunately been 
punctuated by his appearance in person from time to 
time. It is again an honour to ask him to speak-—this 
time on the latest but certainly not the least of his 
interests, the Platforming process. 


The following paper was then presented in summary by 
the author : 


THE PLATFORMING PROCESS 
By GUSTAV EGLOFF,* M.A., D.Sc., Ph.D. (Fellow) 


INTRODUCTION 


Tue UOP Platforming process is solving three of the 
most important problems which confront petroleum 
refiners today. These are the ever-increasing octane 
requirements of motor gasoline, the production of 
aromatic hydrocarbons for chemical manufacture, and 


the production of hydrogen for upgrading charging 
stocks and for other purposes, such as the manufacture 


of ammonia. The UOP Platforming process has 
pioneered the use of platinum in a reforming catalyst. 
Since its first commercial operation in 1949, reforming 
processes using platinum in the catalyst, in conjunc- 
tion with catalytic cracking, have enabled the refining 
industry to produce large quantities of high octane 
gasoline, both in the U.S.A. and elsewhere, in- 
cluding the British Isles, Western Europe, Australia, 
Japan, the Middle East, and Canada. The Unifining 
process, which utilizes by-product hydrogen from 
Platforming or other catalytic reforming processes, 
has been brought into commercial use more recently. 
The necessity for widespread installation of this 
process for production of high octane gasoline is 
evident in the trend toward higher compression ratios 
in automobile engines. In the U.S.A. some 1954 
model automobiles have compression ratios as 
high as 8-50: 1, and no new models have less than 
700:1. To meet these requirements, the average 
octane number of premium gasoline was running 
between 93 and 94 in mid-1954. During the latter 
half of 1955, the average is expected to reach 96 and 
advance still further to 97-5 in 1957 with some gaso- 
lines of 100 octane rating on the market. These 
qualities of fuel may be a necessity at that time in 
view of forecasts that automobile engines having 
10: 1 compression ratios or higher will be produced. 


The demands which the refiner must meet entail 
not only higher octanes but larger quantities of pre- 
mium fuel. Installation of UOP Platforming and 
other catalytic reforming processes is proceeding at 
an extremely rapid rate to meet these demands. 
Plants operating or contracted for equal about 10-7 
per cent of the total crude capacity. Continued 
growth of 20 to 25 per cent of crude capacity is 
anticipated on the basis of the wider range of charging 
stocks that can now be used. 

The importance of the Platforming process becomes 
greater as the octane numbers of products are in- 
creased through process improvements and experience 
in operation. Some operators are now operating to 
produce gasolines having octane numbers as high as 
98 leaded. 

Demands for benzene, toluene, and the xylenes as 
basic materials for chemical manufacture now exceed 
the quantities available as by-products of the coal 
coking industry, both in the U.S.A. and elsewhere. 
As a result, UOP Platforming and other catalytic 
processes are being used increasingly for the produc- 
tion of aromatic hydrocarbons. The unprecedented 
demands result from the increasing use of chemicals 
as raw materials for many products, particularly plas- 
tics, rubber, textiles, detergents, and agricultural 
chemicals, A continual increase in requirements can 
be predicted not only on the basis of population 
growth but on the development of many new products. 
A good example of newly created demands for petro- 
leum derived aromatics through technical develop- 
ment is the chemical utilization of the xylenes. 
Previously used only in a mixture for solvents, the 
ortho component of the xylene fraction is now con- 
verted to phthalic anhydride, the para component to 
dimethyl terephthalate for Dacron or Terylene fibre 


* Universal Oil Products Company, Des Plaines, Illinois, U.S.A. 
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and Mylar film, and the mela component will be 
utilized for commercial production of isophthalic acid 
for consumption in plastics, 

New and greatly improved separation processes are 
also a highly important factor in the recent develop- 
ment of high-purity aromatics by catalytic reforming. 
The Udex process, in which solvent extraction is car- 
ried out with aqueous solutions of diethylene glycol, 
makes possible the recovery of nitration grade benzene 
and toluene, and the xylenes from the gasoline frac- 
tion, Other separation processes used for this pur- 
pose include phenols and sulphur dioxide extraction 
and extractive distillation. High purity o- and 
p-xylene are recovered from the xylene fraction by 
subsequent fractional distillation and fractional 
crystallization. 

The by-product hydrogen available from Platform- 
ing makes possible a number of operations which 
result in improved gasoline and oil products, the 
availability of a wider range of charging stocks, 
greater refinery flexibility, and the production of 
chemicals, The amount of hydrogen available varies 
from about 300 to 1500 cu, ft/brl of charge. Currently 
production averages 500 to 600 cu, ft/brl. One appli- 
cation is in the manufacture of synthetic ammonia. 
A more widespread use is in the catalytic hydrogena- 
tion of charging stock for other refinery processes. 

One of the most widely used of these processes is 
Unifining, in which hydrogenation is carried out over 
catalysts containing cobalt and molybdenum com- 
pounds, This operation results in almost complete 
removal of sulphur, nitrogen, and metals, the satura- 
tion of olefins, and decomposition of oxygen com- 
pounds with little or no loss in volume. One of the 
principal applications is the pretreating of Platforming 
charge stocks; thus a wider variety of stocks are 
rendered suitable for Platforming. These include 
straight-run naphthas of abnormally high sulphur, 
nitrogen or metals content, thermally cracked gaso- 
line, and coker gasolines, Another application of 
Unifining naphthas is in the production of premium 
quality solvent naphthas. The process is also used 
for both virgin and cracked middle distillates to 
produce premium quality diese! fuels, stove oils, and 
kerosines, Likewise, Unifining upgrades heavy dis- 
tillates to high quality fuel oils. Successful operation 
with heavy distillates is also important in that low 
quality gas oils can be improved for use as catalytic 
cracking stock, Unifining is also applicable to the 
processing of distillates from the coking of coal and 
of raw bitumen from tar sands and from crude shale 
oils, The tar sand distillates composed of about 50 per 
cent sulphur-containing compounds are converted into 
a product equivalent to a corresponding mixed cut from 
sweet crude oil. Shale oils of unusually high nitrogen 
content are converted to high-grade diesel fuels. 

The commercial use of Unifining and Udex processes 
followed commercial installation of the Platforming 
process, They serve as outstanding examples of the 
continuously broadening scope of Platforming in 
petroleum refining. 


PROCESS DESCRIPTION 


In the UOP Platforming process a catalyst is em- 
ployed which contains platinum. This catalyst has 
high efficiency, high activity, and low carbon-forming 
tendency. The process is non-regenerative, and thus 
avoids the use of costly and complex equipment 
inherent in regeneration. Commercial operations 
average over 96 per cent on-stream time. The low 
carbon-forming tendency of the catalyst assures the 
maintenance of high catalyst activity over a long 
period of time, Catalyst life of over 70 bri of re- 
formed gasoline/l lb of catalyst are average. One 
commercial unit was in continuous operation for 
almost two years and reached a yield of over 250 
brl of naphtha/1 Ib of catalyst. 

The process flow in a typical Platforming unit is 
indicated diagrammatically in Fig 1. The charge is 
heated and passed along with recycle hydrogen 
through a combined feed heater and through a series 


FLOW DIAGRAM OF PLATFORMER UNIT 


of reactors containing stationary beds of Platforming 


catalyst, Provision is made for heating the stream 
of products between the reactors to maintain reaction 
temperature. The overall reactions in Platforming 
are endothermic, because dehydrogenation of naph- 
thenes to aromatics is one of the predominant reac- 
tions, even though exothermic hydrogenation reac- 
tions partly counteract the endothermic effects. 
After cooling by passage through heat exchangers the 
products are separated into gas and liquid, and the 
liquid products are stabilized to the desired vapour 
pressure. 

The hydrogen from the Platforming unit is recycled 
to maintain the necessary molal excess in the reaction 
zone. It is characteristic of Platforming that the 
recycle gas contains 80 to 95 per cent hydrogen, since 
only small amounts of normally gaseous hydrocar- 
bons, such as methane, ethane, and propane, are 
produced, In some cases, after products from the 
Platformer have been cooled, the separated gas is 
passed through a purifying column to remove hydro- 
gen sulphide. 

Operating conditions vary with charging stocks used 
and end-products desired. When Platforming gaso- 
line or naphtha for octane number improvement, 
temperatures are usually between 850° and 950° F 
(455° and 510°C) and pressures from 300 to 900 
psig. Relatively higher temperatures and lower 
pressures are used in the production of aromatics. 
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Table I contains experimental data showing the 
effect of temperature on the Platforming reaction. 
As the temperature increased from 813° to 903° F 
(435° to 485°C) the F-1 octane number, increased 
from 67-5 to 89 clear, and 85 to 98-5 with 3 ml 
TEL, while the yield of Platformate decreased from 
98 to 91-6 per cent. The percentage of aromatics in 
the product increased from 19 to 45 with this rise in 
temperature. The hydrogen produced increased from 
166 cu. ft/brl to 466 cu. ft. with increased temperature. 

The effect of decreasing the operating pressure is 
shown in Table II. In going from 900 to 500 Ib the 
yield of aromatics based on the charge increased from 
45-4 to 53-9 per cent, along with a marked rise in 


hydrogen production from 287 to 685 cu. ft/brl. De- 
TABLE I 
Effect of Temperature on Platformate 
Charge ® 
Average catalyst temp,’ 813 B43 | 873 903 
Yield of O,+, liquid vol °, of 
charge 100-0 98-0 96-8 95-0 91-6 
Vapour pressure at 100° F 55 6-0 6-7 lla 
F-1 clear octane no. 610 67-5 740 89-0 
F-l+3ml TRL 8-2 85 92-5 98-5 
Aromatics in product, °, ° 9 19 27 BS 45 
Over at 212° F, % 3 6 41 16 
Hydrogen production, cu. ft/bri 166 318 420 466 
LBP. to 360° Mid-Continent naphtha. 
TABLE II 
Effect of Operating Pressure on Platformate 
Charge * Products 
Pressure, p.s.i.g. , 900 700 500 
Yield, vol % of charge : 

10 lb RVP Platformate 92-4¢ 96-44 97-3§ 
F-1 clear octane no. 35-0 84°8 83-2 84-2 
F-1 3 ml TEL 52-8 94-9 95-2 
Aromatics based = on 

charge, %, ; 71 45-4 47-9 53-9 
Over at 212° F +. loss, % 0 22-7 18-9 12-7 
Hydrogen production, cu. 

ft/brl 287 488 686 

* 247° to 404° F Mid-Continent, straight-run naphtha. 

+ Slight excess butane produced. 

~ With 3-5% outside butane. 

§ With 4:7% outside butane. 


creasing the pressure also decreased the volatility of 
the product, as shown by the percentage over at 
212° F (100°C). In general, yields increase with 
decreased pressure. 


REACTIONS 

The reactions occurring in Platforming involve : 
(1) isomerization of naphthenes, (2) dehydrogenation 
of naphthenes, (3) dehydrocyclization of paraffins, 
(4) hydrocracking, (5) isomerization of paraffins, and 
(6) desulphurization. These reactions are more or 
less simultaneous and concurrent and take place to 
varying extents, depending upon the composition of 
the stock being Platformed and the severity of operat- 
ing conditions. It is therefore difficult to isolate any 
one reaction, particularly isomGrization, which accom- 
panies many of the other conversion reactions. 


The Platforming catalyst is particularly effective in 
dehydrogenating cyclohexane and its alkyl derivatives. 
The catalyst also effects isomerization of methyl and 
other alkyl cyclopentanes to cyclohexanes, which are 
then dehydrogenated to corresponding aromatics. 


AH, H. ACH, CH, 
(lle | 
H,C/ > HC” \CH,—> 
| | SH | | | |+3H, 
H,c——CH, H.C. _CH, 
CH, 
Dimethyleyclopentane Methyleyclohexane Toluene 


2 


The equations given in Fig 2 are typicabof the con- 
version of methyleyclopentanes to aromatics, A 
dimethyleyclopentane may be first isomerized to 
methyleyclohexane, which is in turn deb ydrogenated 
to toluene. 

The dehydrocyclization reaction also oceurs in 
Platforming to convert some paraffins to aromatics, 
A simple example is the conversion of n-heptane to 
toluene, as shown in Fig 3. 


CH,CH,CH,CH,CH,CH,CH, —> | 4H, 


n-Heptane Toluene 


Fia 3 


Fig 4 shows a typical conversion of n-decane to a 
tetramethylbenzene by dehydrocyclization. 


il, 
CH,CH,CH,CH,CH,CH,CH,CH,CH,CH, —> 
n-Deecane CH, 
OH, 
( 
CH, 
Durene 
Fia 4 


The amount of dehydrocyclization of paraffin hydro- 
carbons to produce aromatics has been found to under- 
go wide variations, depending upon the hydrocarbon 
composition of the charging stock and the intensity of 
operating conditions. When a predominantly naph- 
thenic charge is processed, aromatics production can 
be attributed principally to dehydrogenation and iso- 
merization of naphthenes, while in the case of a 
highly paraffinic charge, dehydrocyclization reactions 
play an important role in the production of aromatics. 
In the latter case the dehydrocyclization reactions are 
fostered by conditions of relatively high severity. 

To show the amount of dehydrocyclization taking 
place with essentially different charging stocks and 
under different operating conditions, two heavy naph- 
thas were Platformed under conditions of varying 
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severity. The stocks processed were a low paraffin- 
content naphtha from a Venezuela crude oil and a 
high paraffin content naphtha from a Kuwait crude 
oil, Their compositions and properties are shown in 
Table III. The Venezuela stock contained 39-4 per 
cent paraffins in contrast to 66°3 per cent in the naph- 
tha from Kuwait. Their clear octane numbers were 
respectively 562-2 and 32-4. The potential aromatics 


Taste It 
Heavy Naphiha Charging Stocks for Platforming — 
Source Venezuela Kuwait 
Paraffin content Low High 
Composition : vol % wt% val % wt % 
Paraffins 39-4 365 663 63:3 
Naphthenes . 395 401 | 198 20-8 
Aromatics 23-4 13-9 15-9 
Properties : 
¥1 clear octane no. 52-2 32-4 
F-l + 3m1 TEL . 73-6 55-2 
Engler distillation,’ F 
1.B.P. 272 272 
E.P. ° 374 378 
Potential aromatic produc. 
tion from aromatics and 
naphthenes, wt % of feed | 61-6 35-7 
Potential aromatic produc- | 
tion from wt 
% of feed . 38-2 19-8 


production by straight dehydrogenation of naph- 
thenes on a weight basis was 38-2 for Venezuela 
naphtha and 198 for the naphtha from Kuwait. 
Each of the two charge stocks was processed in a series 
of runs of increasing severity at different pressures. 

When the low-paraffin Venezuela charge was pro- 
cessed at an intermediate pressure, the results shown 
in Table IV were obtained, 


Taste IV 


Platforming of Low Paraffin-content Venezuela Straight-run 
Naphiha Intermediate Pressure 


Increasing severity . , 1 2 | 8 4 5 6 
Yields | 

O, + Platformate, liq 

vol % of charge 002 | 806 87:2 | 860 816 

V-1 clear octane no. 86-7 | BOL | 94 | 93-3 | 968 | 98-4 
Vel + Omi TRL 04-8 064 |) O74 99-0 99-9 | 
Aromatic content, wt 66-7 61-0 62-4 66-4 720 
Vingler distillation, F : 

LBP. 277 | 164 | 166 | 144 | 193 | 136 

K.P, ‘ 412 416 | 417 | 434 430 435 
‘Total aromatic production, | 

wt % of charge . 63-4 665 | 575 59-7 63-4 612 
Net aromatic production, | 

of charge . 50-0 33-1 36:3 40-0 40-8 
Vercentage of potential | 

posses tion caleulated | 

rom com | | | | 

positionf . 78-5 


| 40-2 95-0 105 | 107 
| 
Blending octane number; equivaleni nt to +0 mi T KEL, 
Net aromatic production 50-0 (Table IV) 


Potential production from naphthenes 58-2 (Table Ill) 


78-5 per cent. 


When the high paraffin Kuwait charge was pro- 
cessed at an intermediate pressure, the results were as 
shown in Table V. 

In the case of the Venezuela low paraffin-content 
charge, dehydrocyclization of paraffins played a minor 
role in aromatics production. The aromatics produc- 


tion from naphthenes reached over 100 per cent of the 
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theoretical yield from naphthenes under the most 
severe operating conditions. 

In the runs with the high paraffin Kuwait charge the 
production of aromatics was over the potential yield 
from naphthenes in all cases. The yield of aromatics 
based on the potential from naphthenes varied from 
142 to 157 per cent. These data give evidence that 
the aromatic yields of over 100 per cent were accounted 
for by the dehydrocyclization of paraffin hydrocar- 
bons and that at least in the case of the higher paraffin 
content charge stock dehydrocyclization played a role 
in aromatics production in every case. 

Another of the important reactions in Platforming 
is hydrocracking. In this reaction high-boiling paraffin 
hydrocarbons are split and hydrogenated by the 


TABLE V 


Platforming of a High Paraffin-content Kuwait Straight-run 
Naphtha Intermediate Pressure 


Increasing severity 
‘, + Platformates, liq vol % of | | 
charge 85-3 84-1 | | 76-6 
Prepe rties of ©, + Platformate ; | | 
F-1 clear octane no, , | 83-6 86-2 91-2 | 9 
+ 3 mil TEL | 06-3 92 | 890 | (100-9) 
Aromatic content, wt % . | 510 611 | 664 | 
Engler distillation, °F: | | 
E.P. | 406 410 424 414 
‘Total aromatic production, wt % of | | | 
charge 441 43-6 16-6 47-0 
Net aromatic production | from | 
naphthenes, wt of charge 88-2 27-7 30-7 | 
Percentage of potential production | } 
calculated from ne | | 
position 140 | 195 157 


* Ble octane equivalent to +0-08 ml TEL, 


hydrogen present in the reaction zone to form lower 
boiling paraffins. The hydrocracking reaction is 
slower than the dehydrogenation reaction, and is 
exothermic in character. Isomerization is concurrent 
with hydrocracking, so that some branched-chain, as 
well as straight-chain, paraffins are obtained. Thus 
from n-deeane, pentane and isopentane are. pro- 
duced (Fig 5). 


CH,CH,CH,CH,CH,CH,CH,CH,CH,CH, + H, —> 


n-Decane 
CH,CH,CH,CH,CH, CH,CHCH,CH, 
n-Pentane isoPentane 
Fie 5 


The loss in volume in Platforming because of pro- 
duction of aromatics with higher specific gravity than 
the corresponding paraffins end naphthenes is com- 
pensated for by hydrocracking reactions which pro- 
duce higher volume and lower specific gravity pro- 
ducts. For example, in hydrocracking n-decane to 
n- and isopentane the volume yield is 118 per cent at 
100 per cent conversion, while in converting cyclo- 
hexane to benzene there is a shrinkage of about 18 
per cent. 

To establish the occurrence of isomerization of 
paraffins, n-pentane alone was passed through a 
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Platforming unit. The major reaction was isomeriza- 
tion to isopentane. A good overall picture of the 
isomerization reactions occurring in the hexane frac- 
tion of a gasoline during Platforming is given in Table 
VI. The data show that there has been a reduction 
in the percentage of n-hexane, with increases in the 
percentages of methylpentanes and dimethylbutanes. 


TasLe VI 
Composition of a Hexane Fraction Before and After Platforming 


Compound Charge | Product 


2-Methylpentane 30-2 
3-Methylpentane 23-1 
n-Hexane 35-8 


100-0 
| 


100-0 

The Platforming catalyst is extremely efficient in 
desulphurizing. Residual sulphur content of the 
product is usually between 0-002 and 0-005 per cent, 
depending upon the sulphur content of the charging 
stock and the character of the sulphur compounds. 
The sulphur is converted to hydrogen sulphide, which 
is easily removed from the gaseous products by alka- 
line reagents and from liquid products either by 
distillation or treatment with alkaline wash liquids. 
This is in contrast to thermal reforming, which yields 
mercaptans, not all of which are removable by dis- 
tillation or alkali washing. The hydrogen sulphide 
can be used as a source of sulphur or sulphuric acid 
by standard conversion processes. 


GASOLINE PRODUCTION 


When the Platforming process is used to raise the 
octane number of natural and straight-run gasolines 
or naphthas, the more common ,..ocedure is to process 
only the higher boiling portions of the gasolines, such 
as those boiling from 175° to 400° F (80° to 205° C), 
since such fractions are of low octane rating, while the 
fractions boiling under 175° F (80° C) usually have 
ratings high enough to require no improvement. In 
preparing naphthas for Platforming pentanes and 
hexanes are removed by distillation. These latter 
compounds have clear research octane numbers of 
about 74, which are raised to over 93 by the addition 
of 3 ml of TEL. 

When applying the Platforming process to cracked 
naphthas which have not been subjected to Unifining 
or other hydrogenation processes for saturation of 
olefins, it is usually advantageous to process them in 
admixture with a straight-run or natural gasoline 
fraction of similar boiling range. The latter gasoline 
fractions contain a higher percentage of combined 
hydrogen, which offsets the lower content in cracked 
naphthas. 

Platforming raises the octane numbers in the range 
from 30 to 50 Research to as high as from 85 to 95 
leaded, with yields ranging from 95 to 85 per cent. 


Some typical results are illustrated by runs using 
Middle East charging stocks. The properties of two 
Middle East charging stocks for Platforming are shown 
in Table VII, the data including the analysis for 
paraffins, naphthenes, aromatics, and olefins. The 
stocks were each Platformed under varying conditions 
of severity to obtain data on the relation between the 
properties of the charge materials and the quality and 


Taste VII 
Platforming of Middle Kast Naphthas, Charging Stock 


Arabian 


Kuwait 
| 


API 


544 
Engler distillation, ° F : 


272 
378 
0-064 
32-4 
55-2 
66-3 
19-8 
13-9 


250 
303 
0-050 
29-7 
54-6 
63-7 
20-0 
16-0 
O3 


E.P. 

Wt % sulphur 

F-1 clear octane no. 

F-1 + 3 ml TEL 

Vol %, Paraffins 
Naphthenes 
Aromatics 
Olefins 


composition of the Platformates. Table VIII gives 
the tabulation of the principal data obtained, which 
include the octane ratings and the percentage of 
Various classes of hydrocarbons, 


Taste VIII 
Platforming of Middle East Naphthas, Properties of Platformates 


Debutanized Platformate, vol | 
% yield . 
P-1 clear octane no. =. 
F-1 + 3 mi TEL ‘ 96 
Aromatic content, wt %, of 


M4 76-6 
6-2 
2 | (100-9) 
| 
Debutanized Platformate, vol 
F-1 clear octane no. 
F-1 + 3mi TEL | 
Aromatic content, wt % of | 
charge 


Blending octane number; equivalent to + 0-08 mi TEL, 


There was little change in boiling range, and sulphur 
content was in all cases reduced to below 0-002 per 
cent. In general, conditions of increasing severity 
increased the octane ratings and the aromatic content, 
while decreasing the yield. 

In Fig 6 the curves show a comparison of the pro- 
ducts obtained to varying product yields when 
Platforming with those from thermally reforming a 
naphtha from a mixed base Mid-Continent crude oil. 
At 80 per cent gasoline yield the Platforming process 
gave a 95 octane number product, in contrast to a 
product of only 70 octane from thermal reforming of 
the same naphtha. The inclusion of polymer gasoline 
obtained from the gases produced in thermal reforming 
raised the octane number to 78, which was still wel! 
below that shown by the Platformed product. 

Table IX shows typical results in Platforming 


. j 
| 
4 
| 
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natural gasolines from two U.S. fields. Research 
octane numbers are raised from values around 36-6 
and 43-5 clear to values of 86-7 and 96-2 respectively. 
The addition of 3 ml TEL/gal to the Platformate from 
the La Gloria field gave a product of slightly over 100 
Research octane number. 


@~ PILOT PLANT PLATFORMING 
(PILOT PLANT THERMAL REFORMING 


F-| (RESEARCH METHOD) OCTANE NUMBERS OF OEBUTANITED GASOLINE 
CAEAR 
2a 


10 % 
OEBUTANIZED GASOLINE YIELD, VOL % OF CHARGE 
Fia 6 
COMPARISON OF ¥-l (RESEARCH) O.N, OF DEBUTANIZED GASO- 


LINES FROM PLATFORMING AND THERMAL REFORMING OF 
MID-CONTINENT STRAIGHT-RUN NAPHTHA 


The liquid product from Platforming is customarily 
depropanized to make a product designated as a “ true 
Platformate.”” The lower boiling fractions of the 
original gasoline are then blended back with ‘‘ true 


Taste IX 
Typical Results from Platforming Natural Gasoline 


Feed source 
Carthage (Texas) | | La Gloria (Texas) 
Plat- 


formate 


Plat- Feo. 
| formate 


Feed 


vol % of charge | 1000 | 915 | 1000) 85-9 


| 
stillation, 
| 277 
| 342 
‘6 | 86-7 | 
620 96-0 


¥-1 clear octane no. 
4+ 3ml TEL 


43-5 96-2 
65-5 | (101-1) * 


* Blending octane number; equivalent to +01 ml TEL. 
Platformate ” to give a product representing full 
boiling range gasoline, which is referred to as ‘ Plat- 
formate,” 

The products from Platforming gasolines and 
naphthas are unique among refinery products. They 
consist almost entirely of isoparaffinic and aromatic 
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hydrocarbons. Both of these types of hydrocarbons 
have high octane ratings, and the paraffins have 
high susceptibility to improvement by additions of 
TEL. Because of the almost complete absence 
of olefins, Platformates have low gum-forming ten- 
dencies, and require only inhibitors to stabilize 
additions of TEL. The presence of large amounts 
of aromatics in the higher boiling portions of 
Platformed gasolines gives them octane ratings which 
are usually equal to or higher than those of the lower 
boiling, which is the opposite of corresponding straight- 
run and thermally cracked products. The excep- 
tionally low sulphur content of Platformed gasolines 
is another outstanding characteristic. 

Tests of Platformates in high compression ratio 
engines at high speed indicate that they are particu- 
larly adapted to function without knocking and will 
be specially suitable for use in automobile engines of 
the future. The octane ratings of Platformates are 
generally higher as engine speeds increase in contrast 
to either catalytically cracked or polymer gasolines, 
which show reduced ratings. In road tests made in 
a Chevrolet car, using a Platformed gasoline, the 
indicated octane number was 91 at 1000 r.p.m., while 
96 octane number was obtained at 3000 r.p.m. 
When running on a catalytically-cracked gasoline the 
indicated octane number at 1000 r.p.m. was 94, while 
at 3000 r.p.m. it had dropped to 70. Similarly, a 
polymer gasoline dropped from 95 to 73 octane rating 
in the same speed range. In blends of Platformed 
gasoline with olefin-containing cracked gasolines the 
Platformed component acts to overcome the tendency 
of olefins to decrease in octane number as speed is 
increased. 

Platformed gasoline is well suited for use in heavy 
duty truck service because of its high road antiknock 
values. The spark in truck engines can be advanced 
in maximum power position, whereas with lower 
antiknock gasolines, retarded spark is necessary to 
avoid heavy detonation. It has been noted in truck 
service that the engines are much cleaner after burning 
Platformed gasolines than when other gasolines have 
been used, 

The Platforming process is admirably adapted to 
producing aviation gasoline components. The aro- 
matics therein provide the surges of power needed in 
take-off and acceleration in airplane operation, while 
the isoparaffins produce power under cruising condi- 
tions. Several refiners are utilizing Platformates or 
aromatics extracted from them in aviation gasoline 
blends. The entire aromatic content can be used for 
blending, or its various components can be separated 
80 that one or more can be used as chemical raw 
materials, Still other refiners use the entire aromatics 
production for chemicals and blend the non-aromatic 
fraction into aviation gasoline. 


AROMATICS PRODUCTION 


Besides its suitability for markedly improving the 
octane rating of straight-run and natural gasolines or 


100 
PLATFORMING 
: THERMAL REFORMING AND POLY 
© 
THERMAL REFORM 
/ 
/ | 
/ 


EGLOFF: THE PLATFORMING PROCESS 


Taste X 
Composition of 140°-185° F Fractions from Various Straight-run Gasolines 


Ponea, East 
Okla. Texas 
Hydrocarbons, vol % 
Methy leyclopentane 20 23 
Benzene . 4 
Potential benzene from naphthenes ; 22-3 20-7 
Percentage of 140°-185° F fraction | 
present in C,—-360° F gasoline . ; 13 16 


naphthas, the Platforming process is particularly well 
adapted to the manufacture of the aromatic hydro- 
carbons—benzene, toluene, the three xylenes, and’ 
ethylbenzene. The gasoline fractions employed for 
benzene manufacture boil within the approximate 


Taste XI 


Platforming of 150°-190° F Cut from a California West Coast 
Stock to Produce Benzene 


Potential 
Wt % wt % benzene 
yield 
Charging stock : 
Hexanes . ‘ 27-7 
Methyleye lopentane ‘ 44-4 
Benzene. 3-6 3-6 
C, naphthenes and paraffins ‘ 20-8 
100-0 48-0 
INCREASING SEVERITY OF OPERATION 
Yield of liquid products . | 95-2 | 94-9 | 94-0 | 94-1 | 93-3 
Benzene, wt %, of charge . | 36 38 39 41 44 
Toluene, wt %, of charge i es 12 13 13 1S 
Benzene, % yield of theoretical | 75 79 81 85 | 92 


limits of 150° to 190° F (65° to 90° C). The aromatic 
and naphthenic contents of such gasolines vary 
widely with the crude oil source. Relatively higher 
temperatures and lower pressures are used because 
they tend to favour the dehydrogenation of naphthenes 
and reduce the extent of hydrocracking reactions. 


TABLE 


Bradford, Greendale, Winkler, Midway, Conroe, 


Pa. Mich. Texas Calif. Texas 
78 77 78 44 29 

9 9 15 34 21 
12 11 6 21 31 

3 I ” 
13-8 13-0 12-0 34-5 
15 18 lo l2 


When hydrocracking is reduced, more heat must be 
supplied by the furnace. About 1000 B.T.U. are 
absorbed for each pound of naphthenes converted to 
aromatics by dehydrogenation. Some aromatics are 
produced by the dehydrocyclization of paraffin hydro- 
carbons. Any aromatics originally present in the 
charge stocks are relatively unaffected. 

Table X shows some analyses of fractions which 
boil within the range generally found most suitabl> 
for Platforming to produce benzene. 

Table XI gives some data on the processing of a 
150° to 190° F (65° to 90° C) fraction of a West Ccast 
gasoline to produce benzene. The yield of benzene 
increased from 36 to 44 weight per cent of the charge 
as the yield dropped from 95-2 to 93-3 per cent with 
increasing severity of operation. It is interesting to 
note the large volume of hydrogen evolved in benzene 
production. The yield of hydrogen was about 3 pe: 
cent by weight of the charge, which corresponds to 
about 1740 cu. ft/brl. 

When toluene is made by Platforming, gasoline 
fractions boiling approximately from 185° to 220° F 
(85° to 105° C) are employed, since these contain all 
of the C, naphthenes which may be present. Table 
XII gives data on the composition of gasoline frac- 
tions boiling from 185° to 220° F (85° to 105° C) from 
the same crude oils as were given in Table X, alony 
with the calculated potential toluene yields from 
naphthenes and aromatics, which vary from 25-6 per 
cent in the Winkler, Texas, field charge to 64-1 per 
cent in the charge from Conroe, Texas. 

In converting pure methyleyclohexane to toluene by 


XII 


Stocks for Platforming to Toluene 


Ponea, Kast 
Okla. Texas 
Hydrocarbons, vol % 
Paraffins ‘ 47 38 
1,2- Dimethylcyclopentane 2 2 
Trans, 1,3- Dimethyleyclopentane 15 16 
Trans, 1,2- 5 6 
Methyleyclohexane 2) 27 
Ethyleyclopentane (est) (3) (4) 
Toluene é 7 
Potential toluene from naphthenes 34-2 40-8 
Percentage of 185°-220° F fraction 
present in C,—360° F gasoline ; 23 25 


Bradford, Greendale, Winkler, Midway, Conroe, 
Pa. Mich. Texas Calif. Texas 
52 64 65 20 23 

2 2 4 3 2 
6 3 10 26 6 
6 8 10 
24 18 10 30 36 
(4) (3) (1) (5) (5) 
6 7 2 6 27 
31-2 20 37-1 
24 23 15 0 27 


5 
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dehydrogenation, the theoretical yield is 83-3 per cent 
by volume, The octane rating of methylcyclohexane 
is 67-2, while that of toluene corresponds to a blending 
octane number of 110-5 (equivalent to +58 ml 


Taste XIIT 
224° F Cut from a Gulf Coast Stock for 


uene 


Platforming a 202 


Charge, composition, wt %, : 


©, and paraffins ; 28 
©, and C, naphthenes 62 
‘Toluene ‘ ° 10 


Products, wt %, of charge : | Run No, 1 Run No, 2 


Gas ‘ 14-0 14-4 
©, and C, paraffins . 43 
C,, C,, and Cy, paraffins and 

naphthenes 17-2 18-5 
Benzene 09 Ov 
Toluene 55-8 53°3 
C, aromatics 78 78 

TEL). ‘The research octane number of ethyleyclo- 


pentane is 31-2 and the octane ratings of dimethyl- 
cyclopentanes vary between 79-2 and 92-3. 

Table XIII contains significant data obtained from 
a commercial plant operating on a Gulf Coast stock 
to produce toluene, ‘Two runs were made on a narrow 
boiling range stock boiling from 202° to 224° F (95° 
to 105°C). The weight per cent yield of toluene was 
58 per cent in the first run and 53-3 per cent in the 
second, Approximately 1200 cu. ft/brl of charge or 
2-4 per cent by weight of hydrogen were produced. 

When the Platforming process is used for making 
xylenes and higher boiling aromatics, gasoline frac- 
tions boiling from approximately 220° to 280° F 
(105° to 140°C) are included in charging stock. 
Table XIV contains data obtained in a pilot plant 
run on a 220° to 285° F cut. Yields of C, and higher 


TaBLe XIV 


Platforming a 220°-285° F Cut from a Gulf Coast Stock for 


Xylene 
| Volume % ©, and 
higher aromatics 
Charge : 
C, aromatics . ‘ ‘ 8-0 
Higher aromatics. | 2-2 
| 10-2 
Product ; 
Vol of C, and higher ; 
m-Xylene 103 
ithylbenzene ‘ 58 
Higher aromatics ‘ 74 
32:9 
aromatics are given as volume per cent. About 800 


cu. ft, of hydrogen were produced from each barrel of 
charging stock. 

The Udex process, in which aromatics are recovered 
by solvent extraction with aqueous solutions of 


diethylene glycol, is particularly well suited for use 


in connexion with the Platforming process. Diethyl- 
ene glycol has a melting point of 13-1° F (—10-5° C) 
and a boiling point of 472-6° F (244-8°C). It mixes 


with water in all proportions. The water solutions 
are excellent solvents for the aromatics, but dissolve 
practically no paraffins. Unsaturated compounds are 
not present in Platformates in sufficient quantities to 
introduce difficulties. However, aromatics can be 
recovered from cracked oils containing olefins by 
extracting after hydrogenating the olefins. This 
method is being applied to olefin-containing aromatic 
concentrates which are by-products of ethylene pro- 
duction by high temperature cracking. 

The flow in a Udex extraction unit is shown in Fig 
7. The process uses an efficient multi-stage counter- 
current extraction column of novel design developed 


| 


Fia 7 
FLOW DIAGRAM OF UDEX EXTRACTION UNIT 


Clay treater and three fractionators in series for separating 
aromatics not shown, 


especially for this purpose. Because temperature 
and pressure are low and the system is non-corrosive 
carbon-steel equipment is used throughout the unit. 
Solvent is fed at the top of the column; hydrocarbon 
feed at an intermediate point; and hydrocarbon 
reflux at the bottom. The rich solvent is taken to a 
stripper, wherein the dissolved aromatics are separated 
from the solvent, the latter being recirculated to the 
extraction column. Vapours from the stripper are 
condensed and separated into two phases. The water 
phase is used in part to wash traces of dissolved glycols 
from the raffinate; the remainder is returned to the 
stripper. The hydrocarbon phase from the stripper 
receiver is a mixture of aromatics from which the 
benzene, toluene, and a mixed ethylbenzene-xylene 
fraction are separated. Benzene, toluene, and o- 
xylene are readily separated by distillation. The 
meta and para components of the xylene fraction can 
be separated by fractional crystallization. 

The high boiling point of the glycol is an advantage, 
since the aromatics can be readily recovered from it by 
distillation without vaporizing the glycol, the boiling 
point of o-xylene being 292° F (145°C). Thus, a 
minimum of heat is required for solvent regeneration. 
The effectiveness of the diethylene glycol solvent is 
demonstrated by the recovery of 99 per cent of the 


4 
Z| 


benzene in a Platformate containing only 25 per cent 
benzene by volume. 

Aromatics made by the Platforming process and 
recovered by the Udex method are of exceptional 
purity. Benzene, toluene, and xylenes, which meet 
the rigid specifications of the American Society for 
Testing Materials and the American Chemical Society 
for reagent chemicals, are being commercially pro- 
duced in tank car lots. Benzene and toluene not 
only meet the requirements for nitration grade pro- 
ducts but they are also used in manufacturing chemi- 
cals which require raw materials of even higher purity. 
The boiling ranges of benzene and toluene made by 
the Platforming-Udex combination process are less 
than 1°C. The benzene contains less than 0-1 per 
cent non-aromatic hydrocarbons, and the toluene 
contains less than 005 per cent non-aromatics. 
Toluene from Platforming and recovered by the Udex 
process can be used for the manufacture of cortisone, 
the anti-arthritic hormone. It is being used in the 
manufacture of saccharin. Petroleum-based toluene 
is also used for the manufacture of pure benzoic acid 
and other derivatives, A U.S. Government arsenal 
has reported that toluene recovered by Udex extrac- 
tion is the purest they have processed. 
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The raffinate remaining after extraction of aro- 
matics has a high octane rating because of the presence 
of isoparaffin hydrocarbons and is blended into gaso- 
lines. 


FUTURE OF PROCESS 


The versatility of Platforming provides refiners with 
a buffer against changing economic conditions. If for 
a period of time the market for aromatics is depressed, 
a Platforming unit can be converted to gasoline pro- 
duction and conversely. Units can be designed for 
profitable operation in any size of refinery. Those 
now being built range from 500 to 29,000 b.d. 
charging capacity. At present some units are con- 
structed for production of gasolines, some for aro- 
matics, and others for blocked-out operations in which 
gasolines and aromatics are produced alternately. 
Although temporary recessions in demands for either 
high octane gasoline or aromatics are possible, every 
long-range forecast predicts large increases in require- 
ments for both in the future. The UOP Platforming 
process is an excellent addition to any refinery for both 
the present and future. 


DISCUSSION 


E. Le. Q. Herbert : ‘‘ Good wine needs no bush ”’ is 
a good and wise old saying, and in the Platforming pro- 
cess, if I may use the analogy, we have indeed an out- 
standing vintage. Brewer paraphrases the saying thus : 
“a good article will make itself known without being 
puffed ; ’’ we will all agree, I think, that the Platforming 
process certainly needed no “ puffing,” as is instanced by 
the quite remarkable way in which it was and is being 
taken up and applied by the petroleum industry 
semaine even for an industry which has a reputation 
for doing things in a big way and quickly. Some fifty 
units, large and small, are already in operation, not only 
throughout the U.S.A. but in many different parts of the 
world, and another fifty or so are presently under con- 
struction or being developed. 

I do not think that it is any exaggeration to say that 
Platforming has probably been the outstanding process 
development in the industry since the advent of catalytic 
cracking in the early years of the war. 

Shakespeare, in “ As You Like It,” says: “If it is 
true that good wine needs no bush, ’tis true that a good 
play needs no epilogue’’—nor does a good process ; 
nevertheless, there is no question in my mind that such 
an all-important development in our industry—-such an 
outstanding process that is already playing so great a 
part in almost every refiner’s operations and is un- 
doubtedly destined to play an even greater one—merits 
full and detailed discussion by experts of the many inter- 
esting points which arise from its increasing application 
and development. 

We are, then, more than grateful to Dr Egloff for com- 
ing over here to give us his paper, and I think too that the 
Institute is to be congratulated on having invited him to 
do so, thus giving us all this opportunity of discussion 
and of putting our questions to him. 

Now I am, of course, aware that it is our custom when 
vapers of this standard and importance are being de- 
ivered to invite someone to open the discussion—but I 


was, frankly, somewhat embarrassed and not a little 
puzzled as to why the Papers Committee should have 


honoured me in this way: for an honour and indeed a 
privilege I believe it is to be asked to do so in the case of 
so distinguished an author as Dr Egloff. 

There are others who are better qualified, technically 
and otherwise, to do so, and my embarrassment remains 
when I see so many of them here with us tonight. 

However, I felt I could but accept as without doubt 
the Group I serve has been in the dorefront of the com- 
panies in applying the Platforming process. I think I am 
right in saying that the unit at the Wood River Refinery 
(Shell Oil) was almost the first, if not the first, to operate 
in the U.S.A.; and the Houston Refinery unit was one 
of the first major units to be constructed and operated 
primarily for the production of aromatics. 

Then in the U.K. the Platformer at Stanlow which 
came on stream early in December 1953 was the first to 
do so either in the U.K. or Europe, and currently another 
unit is under construction at Shell Haven, while, in the 
Group as a whole, several others are either in construction 
or being planned in various countries. 

Now, turning more specifically to Dr Egloff’s paper, 
I was particularly interested in his opening sentence, in 
which he points out that the Platforming process is 
solving or helping to solve three of the most important 
problems facing refiners today-——(1) increasing octane 
requirements, (2) production of aromatics, and (3) pro- 
duction of hydrogen either for upgrading other stocks or 
for other purposes, e.g. NH,, because the Stanlow unit 
may possibly be unique in that it is performing all three 
of these functions. 

It was built primarily and is operating for the pro- 
duction of high octane aviation gasoline components 
but there is currently being built alongside it a hydro- 
desulphurizer unit—using the new “ trickle phase” 
»rocess which will use the H, from the Platformer. 
lhirdly, a xylene fraction is being separated from the 
Platformate production for supply to L.C.1. at Wilton, 
who will utilize the p-xylene for conversion to dimethyl 
terephthalate in the production of Terylene. 

Dr Egloff is, of course, fully aware of the position 
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regarding the construction and/or the planning of 
additional Platformers by the various major oil com- 
panies in the U.K., in Europe, and other parts of the 
world, He is also well aware that to refiners outside the 
U.S.A. and Venezuela, Middle East erude and feed- 
stocks are in general the basis—indeed the foundation 
of all their operations. Most of us here then have, [ am 
sure, been especially interested in the information given 
in the paper regarding the Platforming of Middle East 
feedstocks. 

I think it is fair comment, however, to say that in 
spite of the repeated mention of the Platforming of 
Middle Kast naphthas and the data given, the advan- 
tages and main features of the process are reviewed 
mainly on the basis of U.S. commercial experience using 
feedstocks of U.S. origin. This is perfectly under- 
standable-—but it is necessary to recognize that the 
Middle Kast feedstocks available to European and other 
refiners have quite different properties from those 
generally available in the U.S.A. Notably, there is the 
difference in average naphthene content —while the latter 
is of the order of 35 per cent wt, the Middle East naphthas 
contain only around 20 per cent (perhaps 25 per cent at 
most), IL think the repercussions of this difference can 
be summarized briefly as follows : 

Firstly, the average catalyst life in the U.S. plants is 
stated to be about 71 bri/lb (in passing I might mention 
that this figure is well supported by the Stanlow unit, 
which has been canhiaueniy on stream since it started 
and whose catalyst life presently exceeds this figure with 
no indication yet of approaching exhaustion ; however, 
the unit is processing a specially selected high naphthene 
content feedstock of Venezuelan origin). 

The average F.1 octane number at present being pro- 
duced in commercial Platformers is said to be of the order 
of 85 (or less). 

Now in order to produce Platformate of similar 
quality from Middle feast naphthas, with their lower 
naphthene content, a considerably higher severity will 
have to be applied and will result in a shorter catalyst 
life. 

In this connexion, the yield-octane relationships 
given for Kuwait naphtha in Tables V and VII are very 
interesting, but 1 suggest the tables lack one very im- 
portant feature, namely catalyst life data, Will, in fact, 
the very high octane numbers shown be commercially 
realizable with a practical catalyst consumption? 


Dr G. Egloff : | am grateful for the penetrating com- 
ments and the questions raised by Mr Herbert which 
help to bring a broader perspective to the subject of 
Platforming. 

First, | would like to correct a possible misunder- 
standing regarding the average octane number produced 
in the U.S, plants, The actual octane number for com- 
mercial units has averaged 95-08 leaded. The 85 O.N. 
mentioned in the question refers to the clear octane 
number, which actually ranges between 85 and 90, 

In answer to the question, the high octane numbers 
shown are being realized with practical catalyst lives. A 
wolonged run in a large-size pilot plant, processing 
Kuwait naphtha and making Platformates having clear 
octane numbers ranging from 88:5 to 90-5 and 97:5 to 
98:5 leaded, was carried to about 25 bri of naphtha per 
pound of Platforming catalyst without appreciable 
change in activity of the catalyst, 

We are accumulating a substantial amount of informa- 
tion on the commercial processing of Middie East stocks. 
In five commercial units currently processing Middle 
Kast stocks, three are operating to make regular grade 
gasolines and have obtained long lives. Two of these 
three units are still operating after having reached 
catalyst lives of 102 and 120 bri/lb, while another unit 
has changed catalyst after completing a run exceeding 
250 bri/Ib. A fourth unit operating to make premium 


gasoline has just started recently, and no life data are 
therefore available except to say that the unit is per- 
forming very well at this high severity operation. The 
fifth unit is operating on a feed consisting of 75 per cent 
of Middle East stocks and is producing a premium 
gasoline. The life of the catalyst at present is in excess 
of 65 bri/lb, and the unit is still on stream. 

In addition, our experience in the U.S.A. also includes 
the Platforming of stocks similar to and in one case 
actually lower in naphthene content than the Middle 
Kast stocks. In these operations, catalyst lives of 60 to 
80 bri/Ib have been obtained consistently while producing 
premium gasolines, 


E. Le Q. Herbert : The average H, production for U.S. 
naphthas is stated to be of the order of 500-600 SCF/br!. 
For Middle East naphthas this figure will be approxi- 
mately halved—thus the process’s potential for catalytic 
hydrogenation of other refinery stock or for NH, pro- 
duction or other chemical use is necessarily reduced. 


Dr G. Egloff : The average hydrogen production from 
Middle East stocks obtained in commercial operation is 
of the order of 300 to 400 cu. ft/brI. 


E. Le. Q. Herbert: The average purity of the H, 
produced from Middle East naphthas is, I believe, leas 
than that obtained from high naphthene content stocks, 
such as are available in the U.S.A., and may thus lead to 
certain complications in using the H, for these other 
purposes, 


Dr G. Egloff : The purity of the hydrogen stream being 
obtained commercially from Middle East stocks ranges 
between 80 and 90 per cent, and is essentially the same 
as that obtained from other stocks, 


E. Le. Q. Herbert : The figures quoted by Dr Egloff in 
regard to the trend towards high compression ratios in 
automotive engines in the U.S.A. are interesting, and I 
hope that some of the engine experts here tonight may 
have something to say-—or some questions to raise on this 
matter. The premium gasoline octane number trend in 
the U.S.A. mentioned seems to agree with what we have 
heard in the current rhyme in refiner circles there, 7.c. 
95 in ’55 to 98 by °58, and certainly adds point to the 
urgent need for high octane blending agents. 

Here in the U.K. the current pattern is not much 
different, and the trend may well be along the same lines. 
Average compression ratios of automobiles in the U.K. 
is about 7:5. However, the export market for auto- 
mobiles tends to restrict manufacturers from further 
increases; it is difficult to manufacture a high com- 
ywression engine for U.K. consumption which can easily 
bs fitted with a lower compression head to make it 
suitable for export to countries where lower octane fuels 
are currently marketed. However, no doubt there will 
be a trend upwards, but it is difficult to express this in 
quantitative terms. 

The high performance of Platformate at high engine 
speeds in comparison with catalytically cracked and 
polymer gasolines mentioned in the paper (p. 74) is very 
interesting. 1 wonder if Dr Egloff has any data to show 
the extent to which this behaviour is maintained in blends 
with catalytically cracked and polymer gasolines ? 
Would such a blend retain the ‘‘ road octane ” advantage 
of pure Platformate in direct proportion to the Plat- 
formate content of the blend? 


Dr G. Egloff: Yes. The road data were obtained in 
a 1949 Oldsmobile using a General Motors research 
engine with 10:1 compression ratio. Figs 8 and 9 
are made up for engine r.p.m. versus road octane 
numbers. 

With regard to the Platformate-catalytically cracked 


EGLOFF : 


and poly gasoline blends (all with 3-0 ml TEL/gal) the 
100 per cent Platformate curve at 800 r.p.m. is 88 
octane number and increases to about 98 O.N. at 2500 
r.p.m. The 100 per cent catalytically cracked curve at 
800 r.p.m. is about 98 O.N. and decreases to about 92 
O.N. at 2500 r.p.m. Blends of these stocks in ratios of 
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20/80, 40/60, 60/40, and 80/20 fall between the curves 
for 100 per cent components in direct proportion to the 
Platformate content of the blend. Two curves are in- 
cluded, one on catalytic cracked gasoline blends, the 
other on polymer blends. 

A similar effect is noted for the Platformate—polymer 
blend data. The Platformate used in this case rated 
about 92 O.N. number at 800 r.p.m. and increased to 
about 99 O.N. at 2500r.p.m. The polymer rated slight! 
over 100 at 800 r.p.m. and decreased to about 94 O.N. 
at 2500 r.p.m. The one blend (10 per cent polymer, 90 
per cent Platformate) falls between the two component 
curves in proportion to the Platformate content of the 


blend. 
E. Le. Q. Herbert: Finally, certain other catalytic 


reforming processes employ low pressure and catalyst 
regeneration and claim thereby to reach a higher octane 
ceiling. Does Dr Egloff think that in view of the con- 
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tinuing trend to higher octane requirements, it will 
become more economic to employ Platforming as a low 
pressure, regenerative process, especially in the case of 
feedstocks of low naphthene content such as Kuwait 

Vhat are the chances of a Platforming catalyst 
capable of regeneration being available in the near future? 


Dr G. Egloff : To the operating refiner, one of the more 
important advantages of Platforming is its ability to 
produce high octane number products without the use of 
the expensive, complex, and troublesome operation of 
regeneration. Present octane requirements are being 
met easily and economically by the process without 
resorting to periodic regeneration. As octane require- 
ments increase, modifications in operating technique are 
available, and will be used to produce such higher octane 
numbers in continuous uninterrupted operations without 
readopting the older regenerative methods, 


A. Jeffrey : Could I just ask what base is the platinum? 
The catalyst, we take it, is not pure platinum, so what 
base is it on? 


Dr G. Egloff: The catalyst comprises a specially 
prepared composite of aluminium oxide, halogen, and 
platinum. 


W. Newby: Can the Udex process be used for the 
extraction of aromatics? 


Dr G. Egloff: Yes. The Udex oom is being used 
commercially for the extraction of Cs* aromatics. 


W. Newby: Will Unifining of the charge increase 
catalyst life at either (a) low severity or (6) high severity? 


Dr G. Egloff: Yes. In cases where excessive quan- 
tities of undesirable elements are present in the feed- 
stock, Unifining of such feedstocks will increase the life 
of the Platforming catalyst, both at low and high severity 
operation. 


W. Newby: What is the effect of pressure on tem 
perature of operation and catalyst life with Middle East 


feedstocks for the production of 90 Research O.N. 


Platformate? 


Dr G. Egloff: As the pressure is increased, slightly 
higher temperatures are required to obtain a given octane 
number. Increasing the operating pressure generally 
will extend the catalyst life. 


E. Hargraves: Has Dr Egloff ever encountered the 
phenomenon of hydrogen blistering of the metal surface 
in the Platformer? During the pickling of steel in an 
acid solution the hydrogen formed may enter the metal 
in the atomic state. When occluded in the metallic 
lattice diffusion outwards is prevented by the formation 
of molecular hydrogen, and in consequence the surface 
of the metal develops blisters. If this reaction may take 
place in the Platformer, is it possible to prevent this by 
the use of low chromium alloy steel? 


Dr G. Egloff : The type of hydrogen blistering referred 
to in the question and encountered in catalytic cracking, 
vickling of steel, etc., has not been encountered in the 
Pistiesmioe. The tendency for hydrogen to attack carbon 
steel was recognized before the first Platforming unit 
was designed, and provisions were made in the Plat 
forming equipment design to avoid any difficulty from 
this source. Among these provisions is the use of low 
chromium alloy steel. 


The meeting then closed with a unanimous vote of 
thanks to Dr Egloff. 
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THE INSTITUTE OF PETROLEUM 


An Ordinary General Meeting of the Institute of 
Petroleum was held at 26 Portland Place, London W.1, 
on 10 Nevember 1954, the Chair being taken by R. B. 
Southall, a Vice-President of the Institute. 


The General Secretary read the minutes of the previous 
meeting, which were confirmed and signed as a correct 
record, He also announced the names of members 
elected since the previous meeting, and gave notice of 
the date of the next meeting. 


The Chairman, introducing the author of the paper to 
be presented said: In the absence of the President, I 
have unexpectedly been asked to take the Chair at this 
meeting, and I want to convey to you first his apologies 
for not being here. 

We have three friends with us tonight from an asso- 
ciated industry, and I am sure that we are all looking 


forward to what they have to tell us with great interest. 
Our friends have brought with them an unusual array of 
apparatus, which will undoubtedly add to the interest 
of the meeting. The arrangement is that Dr Bradford 
will deliver the paper, during which some lantern slides 
will be shown. The discussion follows immediately 
afterwards in which Dr Bradford may be assisted by his 
colleagues, Messrs Harvey and Chalkley; and at the 
conclusion of the questions, there will be a demonstration 
of the various instruments which they have brought to 
enlighten us. I now ask Dr Bradford to present his 
vaper, entitled “The Chromatographic Analysis of 
ydrocarbon Mixtures.” 


The following paper was then presented in summary by 
the author : 


THE CHROMATOGRAPHIC ANALYSIS OF HYDROCARBON 
MIXTURES * 


By B. W. BRADFORD, D. HARVEY, and D. E, CHALKLEY ¢ 


Tue term “ chromatography ” has established itself as 
a convenient generic description for analytical separa- 
tions, depending upon differential sorption or solution 
of the components of a flowing mixture with respect to 
a stationary solid medium, and several variations of 
the method have become established for different 
purposes. This paper deals briefly with the main 
chromatographic methods which have been found use- 
ful in the analysis of hydrocarbon mixtures, and in 
more detail with some recent developments which are 
providing powerful new techniques in this field of 
analysis, Several comprehensive text-books and 
reviews of the already very extensive literature on 
chromatography have appeared in the past few 
years,':* * and it is unnecessary to devote much atten- 
tion here to the history of the subject or to the general 
principles on which it is based. 
The work which has been done with hydrocarbons 
falls into three main types : 
(1) liquid-phase separation on columns of solid 
absorbents ; 
(2) vapour-phase separation on columns of 
solid absorbents ; 
(3) vapour-phase separation on composite par- 
tition columns. 


Liquid-phase techniques were developed first, but 
few have become established as routine or regularly 


used analytical methods, Vapour-phase techniques 

have developed rapidly in recent years, and the greater 

part of this contribution is devoted to them. 
LIQUID-PHASE METHODS 


In addition to the general literature on chromato- 
graphy cited above, liquid-phase chromatographic 


* MS received 13 September 1954, 


+ Imperial Chemical Industries Ltd., Billingham Division. 


separation of hydrocarbons has been reviewed by 
Juhola,t van Nes and van Westen,® and important 
investigations have been recently published by Fink, 
Lewis, and Weiss,® and by Tenney and Sturgis.’ 

Liquid-phase separations are usually operated at, or 
near, room temperature, and are therefore most con- 
veniently applicable to hydrocarbons in the medium 
molecular weight range. They have also frequently 
been applied, using the elution method, to higher 
molecular weight species in solution. Direct liquid- 
phase separations by displacement methods are 
chiefly of utility in pre-separation of groups of com- 
pounds from a mixture before application of further 
fractionation by other methods. A number of appli- 
cations of this type to the analyses of highly complex 
petroleum cuts is described in a recent paper by 
Rampton.* The complete separation of individual 
hydrocarbons by liquid-phase chromatography can 
usually be accomplished only by special procedures, 
such as the use of successive eluants ; examples are the 
separation of polynuclear aromatic hydrocarbons * and 
of a mixture.!° 

Useful though liquid-phase separations are in the 
study of specific problems, few have become established 
as routine analytical methods. One exception is the 
well-known Mair method ™ for the determination of 
aromatics in gasoline ; this is slow, requiring between 
4 and 8 hours for a single determination, and when 
separate group fractions are not required it is prefer- 
able to use a more convenient and rapid micro-method 
with visual indicators which has recently been 
developed.” It is a general disadvantage of liquid- 
phase operation that separations must be carried out 
very slowly, and the course of separation is usually 
followed by refractive index measurements on succes- 
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sive small fractions. Continuous methods of indica- 
tion have been devised,’? but involve the immobiliza- 
tion of elaborate physical apparatus for the long 
periods required for separations. Moreover, there are 
inherent limitations to the accuracy of liquid-phase 
separation, due mainly to the difficulty of obtaining 
sharp separation between components. 


VAPOUR-PHASE METHODS 


The separation of gases or vapours by differential 
adsorption on, for example, charcoal, is a classical 
method, and has been used in various forms, both in 
the laboratory and on a large scale. A pioneer auto- 
matic analyser for hydrocarbon gas streams was based 
on adsorption of the sample on a charcoal column 
followed by displacement development with mercury 
vapour, a hot-wire gauge being used to trace the 
chromatogram.'* 

More recently the two techniques of adsorption and 
partition chromatography have both been applied to 
the problem of analysing volatile liquids, but the gas— 
liquid partition method introduced by James and 
Martin '4 has some important advantages. 

In adsorption chromatography the stationary phase 
consists of a column of adsorbent, e.g. active charcoal, 
while the mobile phase is a permanent gas, such 
as nitrogen. Volatile substances may be eluted 
from such columns, maintained at an appropriate 
temperature, but the non-linear isotherms of most 
substances on charcoal give rise to asymmetric elution 
peaks, and sharp separations are difficult to obtain. 
Attempts have been made to overcome this difficulty 
by the use of thermal desorption, but a more successful 
approach has been to apply the method of displace- 
ment development, introduced by Claesson '® and 
since developed in the U.K. by Phillips '® 7 ?* and his 
co-workers. These authors have described the separa- 
tion of a wide variety of organic compounds. The 
mixture to be analysed is vaporized in a stream of 
nitrogen and fed to the column where it is adsorbed. 
The nitrogen stream is next saturated with a high- 
boiling liquid which is more strongly adsorbed than 
any of the components of the mixture. These com- 
ponents are then displaced from the column, emerging 
successively, in the majority of cases, in the order of 
their boiling points, the most volatile components 
being displaced first. If the exit nitrogen stream is 
passed through a thermal conductivity cell connected 
to a high-speed pen recorder the components appear 
on the recorder chart as a series of steps, the height of 
each of which is characteristic of the component and 
the length proportional to the amount present. By 
means of columns consisting of sections of decreasing 
diameter very sharp fronts are obtained, and sub- 
stances can be separated whose boiling points differ by 
as little as 0-3° C, 

This displacement technique, however, suffers from 
two disadvantages. First, the column must usually 
be replaced after each run and, secondly, substances 
with similar or nearly similar thermal conductivities, 


eg. isomers, will give similar step heights, and if dis- 
placed one after the other are indistinguishable. In 
their paper introducing the technique of liquid-liquid 
partition chromatography, Martin and Synge '® sug- 
gested that the moving phase might be replaced by a 
permanent gas, and pointed out that the low viscosity 
of such a gas would enable long columns to be used. 
The first work along these lines was reported by James 
and Martin ' in 1952. In this technique the charcoal 
adsorbent was replaced by a non-volatile liquid held 
on a solid support, such as kieselguhr, while the mobile 
phase was a gas as before. Volatile components of a 
mixture are eluted from such a column at rates pro- 
portional to their respective vapour pressures over the 
column liquid. The process of separation is thus 
clearly analogous to extractive distillation, and in fact 
the efficiency of the column may be expressed in terms 
of the number of theoretical plates; on this basis 
efficiencies as high as 1000 plates in a 4-ft column are 
poasible."4 By choosing an appropriate liquid for the 
stationary phase it is possible so to influence the 
differential vapour pressure between components as to 
separate closely boiling or azeotrope-forming com- 
pounds, Other advantages are the speed with which 
separations may be achieved, and the extremely small 
quantities of a mixture required for analysis, the lower 
limit being set only by the sensitivity of the detecting 
device and not by the column. Two difficulties 
associated with displacement columns, namely, the 
necessity for frequent change of column and the 
inability to distinguish between similar step heights, 
do not occur in the partition technique. After the 
complete elution of one sample a partition column may 
be immediately used again for the next. Thus, pro- 
vided that the stationary phase is stable and non- 
volatile under the operating conditions, one column 
may be used for an indefinite number of analyses. If 
separation is complete each eluted substance leaves 
the column as a discrete band, and using a thermal 
conductivity cell as a detecting device, each substance 
gives a concentration curve or elution “ peak ’’ on the 
recorder, provided only that its thermal conductivity 
differs from that of the carrier gas stream. Two sub- 
stances with similar conductivities will if resolved give 
separate peaks which are easily distinguishable. 

Following upon the work of James and Martin, 
Ray *° examined the behaviour of a number of aro- 
matic and non-aromatic hydrocarbons, ethers, and 
alcohols, and achieved many separations previously 
found impossible by the liquid-phase technique. He 
introduced a number of improvements into the appara- 
tus, including the use of a rubber septum for adding 
samples to the column, and adopted the use of an 
internal standard as an aid to quantitative measure- 
ment. 

With these modifications the vapour-phase partition 
method was much improved in speed and convenience, 
and soon found to have exceptional power in separat- 
ing the components of a wide variety of mixtures of 
gases and of liquids of medium molecular weights. It 
was also found to be capable, when closely controlled, 
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of giving quantitative results of good accuracy and to 
he adaptable to routine conditions. The apparatus 
and methods of operation have been standardized, 
and are described in a following section. Reference 
is first made to some features of chromatographic 
separation which are important in the vapour-phase 
partition technique, 


THE SEPARATION PROCESS 


The mode of action of vapour-phase chromato- 
graphic separation is apparently simple, but the physi- 
cal chemistry of the process cannot yet be said to be 
completely understood, and the technique has 
developed empirically. A better understanding is 
necessary before full advantage can be taken of its 
potentialities, especially in the direction of increased 
resolving power. A brief account is therefore given 
of some work which is in progress on this aspect. 

A basic advantage of the partition method over 
adsorption lies in the different types of distribution 
isotherm involved, In adsorption chromatography, 
even in vapour-phase operation, the isotherms are 
usually farfrom linear. In partition chromatography, 
distribution depends upon solution effects and not 
interface effects; the isotherms should therefore be 
linear with concentration. The experimental evidence 
80 far accumulated confirms this expectation. 

With this simplifying assumption it was first pointed 
out by James and Martin that the time taken for any 
particular component to emerge from a given column 
can be related to its partition coefficient between the 
mobile and stationary phases. It can be shown by 
simple analysis that the relative separation rate of a 
component can be expressed as ; 


Time for solvent front to emerge 


Ry = 
Mean residence time of component 
m 
% 


where m is the volume ratio of the mobile and sta- 
tionary phases, and « is the partition coefficient of the 
component between mobile and stationary phases. 
To test this a series of measurements was made with 
propane on a column of kieselguhr impregnated with 
tri-isobutylene using nitrogen as eluant gas. Operat- 
ing conditions ranged from 20 to 70 mm pressure and 
20° to +20°C. Values of « were calculated from 
these measurements, and from the determined value 
of m. At 20°C, for example, the values of « found 
ranged from 13-8 at the lower pressure to 13-6 at the 
higher. The measured value of the solubility of 
propane in bulk tri-isobutylene at 20° C was found to 
be 13-8 in the same units; it is clear therefore that 
simple solution is involved. As a further check on 
this, heats of solution in the column were derived from 
the temperature coefficient of «, and found to be 
practically identical with the heat of vaporization of 
bulk propane. Similar results were obtained with 
propylene. The calculated thickness of the film of 
tri-isobutylene absorbed on the kieselguhr is 10% mm 
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only, but in spite of this, solution occurs normally with 

no appreciable interaction between solutes and the 

solid support, and the relative rates of separation of 

two components are governed on!y by their relative 

solubilities in the liquid component of the stationary 
hase. 

When considering the separation of two components 
of closely similar solubility, however, other factors 
must be taken into account. The problem is analo- 
gous to the resolution of adjacent spectral bands, and 
is affected to a considerable extent by the width and 
shape of the chromatographic peaks. Assuming only 
that the rate of partition is at all times proportional 
to the distance from partition equilibrium and that 
broadening of the chromatogram is the result of 
diffusional spread in the two phases and through the 
boundary layer, it can be shown that the peak should 
be a symmetrical Gaussian function (cf Martin and 
Synge’). In practice this is not found to be true, the 
peaks are not perfectly symmetrical and the front 
slope is steeper than the rear slope. It is not easy to 
demonstrate this unequivocally, since instrumental 
errors can readily obscure the true shapes of the peaks, 
but it has been established by separate measurement 
of the front and rear slopes of-a very broad peak. 
Some additional rate factor is therefore operating, and 
work is still in progress to discover what it is. 

For a given column packing, resolution increases 
with increase of residence time, but this is accompanied 
by diffusion broadening of all peaks. A limit of 
resolving power is therefore reached when conditions 
are such that increase of residence time broadens two 
adjacent peaks at the same rate as their centres are 
separated. When this occurs, further increase of 
resolution can be achieved only by using a more sensi- 
tive column or by taking off the unresolved fractions 
and analysing them by other means. Some examples 
of this are given later, 


DESCRIPTION OF APPARATUS AND 
METHOD 


The techniques for dealing with liquid and gas 
samples are slightly different, and are dealt with 
separately for convenience. 


ANALYSIS OF LIQUID SAMPLES 


The apparatus used for liquid analysis is shown dia- 
grammatically in Fig 1. A stream of nitrogen from 
a cylinder flows in turn through a capillary tube flow- 
meter, a needle type contro! valve, one of a pair of 
thermal conductivity cells, the chromatographic 
column, the second thermal conductivity cell, an exit 
control valve, a vacuum pump, and thence to atmo- 
sphere. Mercury pressure manometers are fitted to 
both inlet and exit sides of the column. The double- 
sided thermal conductivity cell (heated to prevent 
condensation of high-boiling components) feeds its out 
of balance potential to a Brown electronic recorder. 

The chromatographic column consists of a glass U- 


| 


tube 6 ft long and } inch internal diameter, fitted with 
a short side arm for the inlet flow of carrier gas, and a 
rather wider } inch bore length of tubing, to which is 


| 
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LINE DIAGRAM OF 


APPARATUS 


Nitrogen cylinder G Thermal conductivity cell 
B Bubbler H Column 
C Buffer vessel | Manometer 
D Flowmeter J Needle valve 
kK Needle valve K Buffer vessel 
Manometer L, Vacuum pump 
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SIX-COLUMN APPARATUS 


attached the rubber serum-bottle cap. The column 
is packed with a mixture of kieselguhr (Celite 545, 
Johns, Manville & Co. Ltd.) graded as described by 
James and Martin,’ and the selected liquid phase in 
known proportions, usually 30 per cent by wt liquid. 
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The mixture is packed down to a known density 
(0-43 g/ce + 0-03), and the two ends of the column 
plugged with glass wool. The column is surrounded 
with an air jacket contained by two concentric glass 
tubes on the inner of which is wound several turns of 
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PROCESS LABORATORY APPARATUS 


resistance wire connected to a regulated supply of 
50 volts, A.C. This arrangement has been found to 
give steady and reproducible conditions, and is more 
convenient than the vapour jackets used by other 
workers, 

For routine analytical laboratory work it is con- 
venient to use a group of six such apparatuses mounted 
upon a single panel (Fig 2). For process laboratory 
work a more robust single-tube apparatus has been 
evolved (Fig 3). 

The retention volume of a particular component, i.e, 
the volume of carrier gas that must be passed before 
the elution “ peak ” or point of maximum concentra- 
tion of the component is reached is a constant for a 
given column under given conditions. It is thus 
possible to identify a component by putting the pure 
substance on to the column under similar conditions. 
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If the substance is not available it may still be 
possible to carry out an identification if the homo- 
logous series to which the substance belongs is known. 
James and Martin have shown that for a homologous 
series on a given column a plot of the logarithm of the 
retention volume against the number of carbon atoms 
of each member is an approximate straight line, and 
the carbon number of a component may be determined 
in this way. Similarly, James and Martin have shown 
how the class of an amine (primary, secondery, or 
tertiary) may be determined by a comparison of its 
retention volume on two or more different liquids. 
Alternatively, it is possible to collect pure coraponents 
in a suitable fraction collector, and identify them by 
some other method. 

The procedure for establishing conditions for a 
quantitative separation of a known mixture is illus- 
trated by the following example, in which the minor 
components in a blend of C,, C,, and C, aromatics had 
to be estimated. 

Each of the components was injected singly into 
a column operated at what was expected from past 
experience to be suitable conditions of temperature, 
pressure, and carrier gas (nitrogen) flow rate and the 
retention volumes measured, By inspection of the 
traces obtained the choice of a volatile liquid for use as 
an internal standard was provisionally decided and 
confirmed by injection of a suitable volume into the 
column for determination of its retention volume. 
The use of an internal standard serves a dual purpose. 
The concentration of a component of a mixture may be 
determined by measurement of the area contained by 
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AROMATIC SEPARATION 


the elution peak on the recorder trace. By adding to 
both sample and synthetic mixtures a similar and 
known amount of a suitable volatile substance, the 
concentration of all components of the sample may be 
referred to this known concentration. Slight varia- 
tions in operating conditions affect sample and internal 
standard alike, and some relaxation in conditions may 
be allowed without appreciable error, To complete 
the calibration a series of known mixtures is prepared 
and a known and fixed amount of the selected internal 
standard is added to each. Calibration curves are 
then prepared showing for each component the rela- 


tion between concentration and the ratio of component 
peak area-standard peak area. It has been found in 
practice that if the height of the elution peaks is sub- 
stituted for the areas there is little effect on accuracy. 

The sample is injected on to the column through the 
rubber serum cap by means of a micrometer syringe, a 
method introduced by Ray.*® The sample is vapor- 
ized immediately by a small auxiliary heater wound 
on the column below the point of entry of carrier gas. 
This heater is necessary for clear-cut separations 
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which are achieved only if the sample is absorbed on 
the top of the column as rapidly as possible. The 
components are eluted from the column singly, each 
coyaponent giving rise to an elution peak. 

Fig 4 shows the trace obtained from this mixture of 
C, aromatics containing 0-5 per cent each of benzene, 
toluene, mesitylene, and pseudo-cumene, The column 
packing consisted of graded “ Celite ’’ impregnated 
with 30 per cent by weight of dinonylphthalate 
{di-(3,5,5-trimethylhexyl) phthalate]. Fig 5 shows 
the calibration curves, and the following table gives 
the results : 

TaBLe I 


by weight 


| 
Found | Present | Found | Present | Found | Present 


5d 53 | Oo | 140 1-45 


Benzene 


‘Toluene | O38 O40 O97 | 1-52 1-56 
u-Propyl benzene | O31 | O72 75 1-05 102 
pacedoOumene OSS 72 O05 0-92 
Mesitylene 0-29 OSL 0-69 O70 1-00 O97 


ANALYSIS OF PETROLEUM FRACTION 


One of the more complicated analyses so far 
attempted was that of a petroleum fraction of un- 
known origin whose distillation curve corresponded 
roughly to a gasoline with I.B.P. of 50° C, 5 per cent 
66-5° C, 95 per cent 124-5° C, and F.B.P. 146°C. A 
preliminary liquid-phase separation was carried out on 
a 10-ml sample through a silica gel column, dividing 
the sample into aromatic and saturated groups. 0-05 
ml portions of each of these two fractions and of the 
original mixture were then analysed separately on a 
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vapour-phase partition column similar to that de- 
scribed above. The three chromatograms are shown 
in Fig 6. The aromatic fraction trace shows a small 
proportion of low-boiling non-aromatic material fol- 
lowed by a series of easily identifiable aromatic com- 
ponents, Comparison of the three traces ensbles six- 
teen major components to be picked out immediately 
in the chromatogram of the original mixture, and in 
addition to the known aromatic peaks, a number of the 
non-aromatic peaks can be identified as components 
of known chromatographic characteristics, or as com- 
posite peaks, grouped by molecular weight. 

Further identification of the minor non-aromatic 
components required more detailed separation, which 
was achieved by chromatographic fractionation. For 
this purpose a larger vapour-phase column was used, 
measuring 6 ft x 4 inch dia, and capable of dealing 
with a 0-5-ml sample, i.e. ten times the size of the 
sample normally used. The exit gas system of this 
column was fitted with cooled U-tube fraction collec- 
tors isolated as required by taps. The operating 
conditions were similar to those used for the primary 
analyses, except that the temperature was decreased 
to give higher resolution. A complete chromatogram 
of the non-aromatic fraction of the sample obtained in 
these conditions is shown in Fig 7, The peaks were 
taken off successively as separate fractions, which 


Taste It 


leten- 

tion 
time, in 


Non-aromatic Aromatic Bp. 


| Butane 

| isoPentane 

”2-Pentane 
2,2-Dimethylbutane 
2,5-Dimethylbutane 
2-Methylpentane 

| n-Hexane 

| 2,2-Dimethylpentane 

| 2,4-Dimethylpentan« 
cycloHexane 

| 1,3-Dimethyleyelo 

pe niane 

2,5-Dimethylpentane 
2-Me-hexane 


n-Heptane j 
1 | Benzene 
Methyleyelohexane 
1-Methylethyleyelo- 
pentane 
| 2,5-Dimethythexane 
1,2,4-Trimethyl 
cyclopentane 
2,4-Dimethythexane 
2,2,5-Trimethyl 
hexane 
| 2,2,8,4-Tetra- 
methylpentane 
1,3,5-Trimethyl 
cyclohexane 
2 | Toluene 110-6 360 
f| Kthyl benzene | 136 
5 ¢) m Xylene | 130 360 
Xylene » | 158 
| 


Xylene | 144 


were then analyséd mass-spectrometrically, and as 
Table IT shows, a total of thirty-two components was 
finally identified, . 

From the appropriate retention volumes listed 
above, Fig 8 has been plotted, showing the appreciable 


effect of isomeric structure on retention volumes. 
When sufficient data of this type has been accumulated, 
and methods developed for increasing resolving power 
for the higher molecular weight components, it will be 
possible to carry out complete analysis of complicated 
mixtures, such as this, entirely by chromatography, 
without recourse to auxiliary methods, such as mass- 
spectrometry. 


ANALYSIS OF GASEOUS SAMPLES 


The arrangement of apparatus used for gas analysis 
is generally similar to that used for liquids, with the 
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simplification that the gas sample (10 to 20 cc) is 
merely carried into the column by the stream of eluant 
gas from a by-pass gas pipette. Gas analysis is readily 
adapted to automatic repetition, and one form of 
apparatus developed for this purpose for operation on 
a plant gas stream is shown in Fig 9. 
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GAS ANALYSIS 


Gas columns are conveniently operated at room 
temperature, and the inlet pressure of the nitrogen is 
kept at 25 p.s.i. A large number of high-boiling 


BUTANE 


ETHYLENE 
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liquids have been tried as the stationary phase, and 
several have been found to be of special use. iso- 
Butylene trimer, formed by cold acid polymerization, 
is a mixture of several hydrocarbons boiling in the 


Taste IIL 
Retention Volumes of Some Hydrocarbons on a 6-ft Column 
Containing 30 per cent wt of Tri-isobutylene (1), Acetonyl 
Acetone (II), and a Saturated Solution of Silver Nitrate in 
Glycol (III), Inlet Pressure 25 p.si., Flow Rate 2-0 
Litres /hour, Temperature 20° C 


Retention volume; ethylene = I 
Hydrocarbon 
Column I | Column IL | Column IIT 


Methane O-8 


O-7 O75 
Acetylene é 0-95 3-8 
Ethylene 1-0 1-0 1+ 
Ethane . 1-2 1-0 O75 
Propylene 2-4 2-2 1-0 
Propane 2-7 15 0-75 
Methyl acetylene 2-85 11-5 
isoButane 5-6 2-2 O75 
n-Butane 75 30 O75 
Butadiene 6-7 10-0 10-0 
Butene-1 6-7 4-75 6-25 
isoButene 6-7 475 3°25 
Cis-butene-2 . 8-0 5-85 1-75 
Trans-butene-2 8-9 6-8 55 


range 190°—200° C; hydrocarbon gases are eluted from 


this liquid in order of their boiling points and, presum- 
ably, the forces of solubility involved are van der 
Waal'’s forces only. 


Separation of a mixture of hydro- 


carbons on a 6-ft column containing kieselguhr im- 
pregnated with 30 per cent by weight of this tri-iso- 
butylene is shown in Fig 10. This substance is not 
suitable for the separation of the isomers of n-butylene 
from butadiene because of the proximity of their 
boiling points. By the use of a polar liquid as the 
stationary phase, hydrogen bonding between the 
electro-negative groups of the liquid and the activated 
hydrogen atoms of the unsaturated hydrocarbon is 
brought into play, and it is possible to achieve a 
partial separation of such mixtures. The diketone 
acetonyl acetone is one of the most efficient polar 
substances for such separations. Fig 11 shows the 
analysis of a C, cut for butadiene on a 6-ft column 
impregnated with acetonyl acetone at 20°C. A 
particular point of interest is the partial separation of 
cis- and trans-butene-2, whose boiling points differ by 
less than 2°C; these two substances may, however, 
be completely separated at 0° C, This figure also 
shows the type of record produced by the automatic 
apparatus; the time cycle is 30 minutes. 

It is also possible to make use of the forces of attrac- 
tion between metal ions and unsaturated hydrocarbons 
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to achieve special separations. These forces are often 
of a higher order of magnitude than hydrogen bonds, 
and are likely to be more specific due to steric effects. 
A saturated solution of silver nitrate in glycol has been 
used with some success, Table III shows a com- 
parison of the retention volumes (the retention « flow 
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rate) of a number of hydrocarbons in the three liquids 
described. 

A particular use for a column containing silver is the 
analysis of traces of ethane in ethylene. These sub- 
stances are not separated on acetonyl acetone, where 
hydrogen bonding is not strong enough to reverse 
their respective volatilities. On tri-isobutylene ethane 
is eluted after ethylene, and if present in trace amounts 
only will not be completely separated from the trailing 
peak of a large quantity of ethylene. On a column 
containing 30 per cent of a saturated solution of silver 
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nitrate in glycol, ethane is eluted before ethylene, and 
complete separation is obtained. Fig 12 shows the 
analysis of an ethylene gas stream containing about 
0-5 per cent methane and 2-0 per cent ethane. For 
this separation two columns were used in series, a 4-ft 
column of tri-isobutylene followed by a 6-ft column of 
silver nitrate-glycol solution. 


CONCLUSION 


Emphasis is laid in the foregoing on current work 
in vapour-phase chromatography because the results 
recently achieved show it to be capable of giving 
analytical data on hydrocarbon mixtures which are 
better in several respects than those given by other 
methods. In its present stage of development it has 
considerable advantages in speed and resolving power 
for components in the lower molecular weight range. 
Upward extension of the effective molecular-weight 
range is an objective which can be approached in 
several ways, and work is being done on this aspect. 
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Increase of resolving power is necessary to deal with 
more complex mixtures, and to achieve this, more 
detailed knowledge is required of the effects of varia- 
tions in the composition of the stationary phase sol- 
vent. This paper deals only with the analysis of 
hydrocarbon mixtures, but the vapour-phase partitio:: 
method has very wide applicability to other classes of 
compounds, and information is being accumulated 
which will lead to general improvements. Compared 
with other methods of fractionation, it has the merit 
of indicating continuously the purity of the fractions 
as they emerge, since the peak shape is very sensitive 
to overlapping of components and no phenomenon 
comparable with azeotrope formation in distillation 
has yet been observed. 

It is too early to make any general deductions on 
the accuracy and reproducibility which can be attained 
in different conditions of operation. As with all 
physical methods of analysis, accuracy can always be 
increased by closer calibration with synthetic mix- 
tures, and when this is done, the results are certainly 
as accurate as those attainable by other methods, such 
as optical or mass spectrometry. When used as a 
routine method on repetition analysis, the problem is 
a different one, and data are being accumulated on 
performances studied under standardized conditions 
over long periods. 
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H. Rampton : [ think I am right in saying that this is 
the first paper presented to the Institute on the subject 
of chromatography, and we in the petroleum industry 
must remember that the I1.C.I, do not derive the whole 
of their livelihood from hydrocarbons, so I think we owe 
them a special debt of gratitude for presenting this paper 
this evening. I think that the title of the paper is a 
trifle misleading, since 90 per cent of it deals with one 
particular aspect, namely that of gas chromatography. 

The art of chromotography has progressed far since 
the original experiments of Tswett on plant pigments, 
and while the name was most apt then, there is much to 
commend the use of the term ‘ Selective Adsorption ’ 
now. In fact, as you have seen already, the development 
of colour in certain chromatographic separations has to 
be assisted artificially by the Sddition of visual markers 
or indicators. In this connexion, I would like to have 
seen reference made in the paper to the work of Conrad, 
Criddle, and Le Tourneau which has led to the develop- 
ment of the well-known ASTM fluorescent dye indicator 
(FIA) method for hydrocarbon type analysis. 

To return to the main subject of the paper, i.e. gas 
chromatography, there is no doubt that it is an analytical 
tool of great promise and possibilities. Its application 
to the analysis of gas streams is attractive, not only on 
account of the small size of sample required and sim. 
plicity of operation, but also from the point of view of 
capital onilen. A mass spectrometer, to perform the 
same service with its ancillary calculating equipment, 
costs from six to ten times as much, and will also amend 
a high degree of specialized operational skill and expert 
maintenance. On the other hand, it is quite possible 
that these two instruments can be made to work together 
to give an even greater precision, and I have in mind, 
as Dr Bradford confessed tonight, they had to cheat by 
taking the fraction from the gas chromatographic column, 
and do some more analyses of those peaks by the mass 
spectrometer, and I can foresee developments there in 
that connexion. The usefulness of gas chromatography 
is well illustrated by the examples quoted in the paper, 
and these will serve, in all svobubility, as an apéritif to 
whet the appetities of experimenters who may be having 
their first introduction this evening to this compara- 
tively new technique. 

There are a number of points which [I would like to 
raise with the authors of this paper. 

(1) There appears to be a discrepancy between Fig 4, 
Table I, and the actual script. A mixture of C, aromatics 
containing 0-5 per cent each of other aromatics is in- 
dicated. Percentages other than 0-5 per cent are 
quoted, presumably because more than one blend was 
tested. If ethylbenzene was present, where would the 
corresponding peak occur ? 

(2) Would it not be advantageous to set out the com- 
pounds detailed in Table III in strict order of boiling 
point, possibly giving the actual figures for ease of 
reference? 

(3) The graph in Fig 12, depicting the separation of 
methane and ethane from ethylene, is striking, but no 
explanation is given of the reason for the opposite signs 
of the deflections for methane and ethane, presumably 
due to the differences in thermal conductivity of these 
hydrocarbons compared with that of the reference gas 
stream. 


Dr B. W. Bradford : The order in which the hydro- 
carbons are listed in Table III is, with the exception 
of n-butane, the order of elution from a trimer column, 
which is not quite the same as the order of boiling points. 
Your explanation for the opposite signs of the methane 
and ethane peaks in Fig 12 is the correct one. 
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DISCUSSION 


D. Harvey : Fig 4 is intended to serve merely as an 
example of the type of curve obtained, and is actually 
one of the runs obtained in the preparation of the cahi- 
bration curves illustrated in Fig 5. 

In general (although there are exceptions), the mem- 
bers of any homologous series emerge from the column 
in order of ascending boiling point, and ethyl benzene 
if present would be eluted before the combined m- and 
p-xylene peak. 


K. H. V. French: [| would like to make one or two 
points about the gasoline that Dr Bradford analysed. He 
showed us that a considerably better separation of the 
components could be obtained by preliminary separation 
of the aromatics and non-aromatics. Now, the sample of 
gasoline used was unusual in that it apparently contained 
no olefins. Has Dr Bradford and his colleagues handled 
similar materials that contained aromatic, saturated, 
and unsaturated hydrocarbons. What advice can he 
give us as to what preliminary separations would be 
necessary with such materials? 


Dr B. W. Bradford : The answer is no, we have not 
made a study of this subject, and although | have no 
doubt it would be quite easy to find what the right sort 
of pre-treatment is, we have not tried a whole series of 
different types of gasoline so | cannot offer you anything 
further. Perhaps, however, Mr Harvey may have some- 
thing to add. 


D. Harvey : Olefins, as such, present no more difli- 
culty than paraffins or aromatics, Their presence in a 
gasoline would, however, increase the complexity of the 
mixture, and some pre-treatment would be necessary. 
Segregation of the three groups is, however, quite feasible 
on the specially selected silica gels available today, and, 
although such separation may not be complete, it should 
prove sufficient for this purpose. 


L. Kin: None of the common solvents can truly be 
said to be immobile. In view of this, to what extent is 
the loss of the immobile phase a factor in determining : 
(a) the life of the colurmn ; (b) the life of the katharometer 
(which will have solvent deposited on it if it is not heated 
to a temperature at least equal to that of the column) ? 

In the analysis of a sample of mixed xylenes, figures 
are quoted to the second place of decimals. An accuracy 
of this order would entail very exact reading of peak 
heights and, for the low concentrations reported, the 
thickness of the trace would be very important. Have 
you any comments on this ? 

The calibration curves shown cover small concen- 
trations of minor components only, Does the linear 
relationship between percentage of component and yn 
height ratio continue into higher concentrations, and is it 
possible to determine the concentration of major com- 
ponents by vapour-phase chromatography ? 


Dr B. W. Bradford: I ought to have said that the 
katharometer is heated. It must be heated, of course, 
to prevent condensation, since columns can be operated 
for several months without change. 

I have no doubt that liquid is slowly lost, but very 
slowly indeed, and the concentration in the gas stream 
is such that it does not affect our detector. 

The maximum temperature of operation is very in- 
teresting. So far as | know, no one has operated at a 
higher temperature than 300°C, and that is difficult. 
It is probably possible to operate at 200° C without much 
more difficulty than with the apparatus here which is 
operating at a little over 100°C, This is a major point 
in the development of vapour-phase chromatography ; 


in order to obtain an extension to higher molecular weight 
material one must be able to work at a higher tempera- 
ture. 

You commented on the figures for the aromatics 
= I can only say that this is an extract from a 
much larger investigation, and I could have given you 
far more figures, but I did not think they were relevant 
because the object of this paper was not to show you what 
the analytical accuracy of this method is in routine 
operations. We have not established that yet. We 
have only attempted to show you how the method 
operates and give you some of the results, and those, 
as I said, have been obtained under carefully calibrated 
conditions, which, I think, represent the best we can 
at the moment. 

do not think that the criticism about the thickness 
of the trace is a very real one. Several factors enter into 
this, as everyone who has used infra-red or other methods 
depending upon traces knows: there is a noise level, 
there is the thickness of the line, and so on, but ex- 
perience and careful calibration enable you to get fairly 
close to the actual deflection from zero if your apparatus 
is working correctly. You asked if the method can be 
used for higher concentration, We do carry the calibra- 
tion curves higher: we have not shown them in this 
particular case, but it is possible, 


D. Harvey: In answer to Mr Kin’s query on the 
extension of calibration curves to higher concentrations 
we have found at Billingham that the linear relationship 
between percentage of component and peak height ratio 
does indeed hold up to the highest concentrations, if due 
yrecautions are observed and the columns are not over- 
loaded. To determine the concentration of major com- 
ponents one must reduce the sensitivity of the katharo- 
meter or introduce an attenuator into the recorder 
circuit. 

In regard to accuracy we have found in the perform. 
ance of some ‘nvo-teaneed to three-hundred determina- 
tions per month over the past two years on a wide 
variety of substances that our accuracy rarely falls below 
+3 per cent and is usually much better than this. 


M. Scott Archer: I have two questions, 

First, would Dr Bradford explain whether there was 
any variation in the degree of asymmetry of the spectrum 
in vapour-phase chromatography with the lengths of 
time in the column, and also whether allowance is made 
for this asymmetry in quantitative estimation from peak 
heights ? 

Secondly, I presume that the 3 per cent accuracy 
claimed in a reply to @ previous question is 3 per cent on 
each component measured, not on the total material 
present, 


Dr B. W. Bradford: The 3 per cent is, of course, on 
each component present, and I am sorry we did not make 
this clear. 


D. Harvey: In quantitative work every precaution 
is taken to perform calibration and sample runs under 
identical conditions, and consequently any departure 
from asymmetry would appear in both traces. In 
practice, however, if the conditions of temperature, flow 
rate, etc., are well chosen the departure from asymmetry 
is slight, and presents no problem. In all cases we find 
that a measurement of peak height provides satisfactory 
accuracy. 


R. R. Wilson: Have the authors had any experience 
of attempting the separation of the two isomers of 
commercial dintutylene and tri-isobutylene in their 
apparatus ? 

Secondly, have they any e..perience of the separation 
of carbonyl compounds ? 
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D. Harvey: We have not attempted the separation of 
either of the polymers mentioned. We have, however, 
had a look at the tetramer, and in this case we were able 
to distinguish four peaks. We isolated some of the 
material under each peak and submitted this for ultra- 
violet examination but obtained little further informa- 
tion. 

We experience no difficulty whatever in the separation 
of carbonyl compounds with the possible exception of 
formaldehyde. evs we find that the Celite belaewes as 
an excellent polymerization catalyst, but we have had 
some success by substituting silver sand for the Celite. 


Dr D. P. Young: There are two opposing schools of 
thought in gas-phase chromatography. One uses hori- 
zontal tubes, and the other vertical tubes. An earlier 
communication from I.C.1. describes the use of horizontal 
tubes, but I notice our speakers tonight prefer to use 
vertical tubes. I wonder if they have any reason for it 
apart from the obvious one of compactness ? 


Dr B. W. Bradford: Only compactness, and because 


we believe it is more easily arranged. 


G. C. Eltenton: Using nitrogen, it appears that the 
methane peak registers in the ‘ negative”’ direction, 
while all other peaks register in the “ positive ”’ direction. 
Would it not be possible to overcome this difficulty by 
using hydrogen as the carrier? And would not the 
overall sensitivity (signal-noise ratio) be considerably 
enhanced ? 

Secondly, have you found a means of introducing 
liquid samples with a robot sampler suitable for plant 
use? I should imagine this would be very difficult if 
memory effects in the sample lines are to be avoided. 
Would it be better to flash vaporize all liquid samples and 
use the robot sampler designed for vapours ? 


Dr B. W. Bradford: On the second of Dr Eltenton’s 
points, we have not yet succeeded in building a really 
satisfactory liquid sampler. We have only used the 
automatic sampler for gases. The problem of taking 
0-05 ml of a liquid is a fairly difficult one, which we have 
not solved yet. We have done some work on flash 
vaporization of certain types of samples: I think that is 
possibly a line to be followed. 


D. E. Chalkley: Mr Eltenton is quite right in assuming 
that the use of hydrogen as a carrier gas would give all 
peaks in the same direction. At the same time the 
signal to noise ratio is increased by a factor of about 50 
if the katharometer wires are heated to the same tem- 
perature as they are in nitrogen. There are two known 
disadvantages. One is that the separation is slightly 
worse, due to the high rate of diffusion of the hydrogen 
molecules, The other is that silver nitrate columns are 
rapidly reduced by hydrogen at room temperature. 


D. H. Desty: It seems a pity that Dr Bradford failed 
to mention in the discussion of liquid chromatography 
the two procedures of liquid reversed-phase partition 
chromatography and the gradient elution technique on 
solid adsorbents. They have both been described, and 
should be of great use in the separation of higher mole- 
cular weight hydrocarbons. 

In connexion with gas chromatography, I think Dr 
Bradford has been a little hard on the displacement pro- 
cedure. It seems a pity to condemn the method merely 
because of the deficiencies of the detector he is using. 
The method can be made extremely accurate by using 
very low concentrations of tle developer, and the appear- 
ance of elution peaks may be prevented by increasing the 
activity of the absorbent. Quantitative measurements 
are independent of the characteristics of the detector 
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and recorder system, depending on a simple time 
determination. 

In connexion with the elution procedure I have always 
been curious why our friends at I.C.I. use sub-atmos- 
pheric pressure with their apparatus for volatile liquid 
analysis. It is possible that the rubber serum cap 
necessitates this, but it is even more difficult to under- 
stand why elevated pressures are used with the gas 
analysis apparatus. ‘This increase in pressure should not 
affect the retention volumes, as these are dependent on 
the partition coefficient only, and should not signi- 
ficantly reduce longitudinal diffusion. It seems there- 
fore an unnecessary complication. 

I think one of the most important points in Dr 
Bradford’s paper is the application of complex formations 
to gas chromatography. The steric effects shown by 
the butene isomers on the silver nitrate-glycerol 
stationary phase are very interesting, and these might 
well be more pronounced among the higher molecular 
weight olefins. 

One question I should like to ask in connexion with 
Table ILL is whether the data given are corrected for the 
dead volume of the column and what is the ratio of 
retention volumes of ethylene determined in the three 
stationary phases ? 


D. E. Chalkley: We have found that a high pressure 
of carrier gas is advantageous for the more difficult gas 
separations, e.g. of ethane and ethylene at room tem- 
perature. As Mr Desty says, the partition coefficient, 
and therefore the retention volume of a substance, 
should be independent of the partial pressure of the 
carrier gas, and the increase of efficiency we have observed 
at high pressures is probably due to a diffusion effect. 

The retention volumes in Table LIT are not corrected 
for the dead volume of the column, and are included for 
comparison purposes only, 


W. A. Wiseman: In the case of a liquid separation, 
does the liquid vaporize at once, or is there a distinct 
time that it takes to vaporize, and if so, does it have an 
effect on the shape of the peaks ? 


Dr B. W. Bradford: We use a heater at the top of the 


¢«olumn to ensure an almost instantaneous vaporization. 


W. A. Wiseman: Concerning different-sized columns, 
can you give any idea as to how you judge their capacity ? 


Dr B. W. Bradford: We continue to add larger quan- 
tities until it is clear that the limit is reached; this is 
often indicated by peak distortion or change of a peak’s 
position. 


L. Kin: Have you had experience with detector 
analysis other than a katharometer ? 


Dr B. W. Bradford: Several people are working on that 
and have worked on it. Certainly, it would be an 
advantage to have a more sensitive detector than the 
katharometer. Although | showed you that it is, in 
terms of micrograms, highly sensitive, it does not, in fact, 
easily go down to parts per million in a mixture, but it is 
very hard to beat for analytical work. It is so stable and 
robust. If we could find something which was more sensi - 
tive but which was also stable and robust, then it would 
be a great advantage. It would enable us to push up the 
temperature of operation, work with higher molecular 
weight materials, and deal better with traces. 


W. A. Wiseman: Have you had any trouble with 
water, and if so, now do you remove it ? 


D. Harvey: We do not remove it ; we inject the sample 
as received having chosen a static liquid phase over which 
water has a high retention value. bor aqueous alcoholic 
solutions we have made use of glycerol, and for aqueous 
amine mixtures we have used tri-ethanolamine. We 
have also used combined columns operated in series 
containing, for instance, glycerol in the first leg and di- 
nonyl phthalate in the second, 


W. A. Wiseman: What happens if you are dealing 
with compounds with a high boiling point ? 


D. Harvey: Certainly that is very difficult. It may be 
possible in such cases to arrange for the water to be eluted 
first, thus avoiding interference. Each case would re- 


quire to be considered on its merits, 


R. B. Southall: There are probably many more 
— to be asked, but as statistically we are just two- 
thirds of the way through the evening, it would be in 
keeping if I said thank you to the authors now, as we 
probably will not be keeping in our seats during the 
demonstration which will complete the evening. 

In my view, this is the type of paper that the Institute 
welcomes. In many respects it is original, although it is 
related to work going on elsewhere ; and I think that Dr 
Bradford and his colleagues, Mr Harvey and Mr Chalkley, 
are to be congratulated for the work they have done 
already, which led up to this paper, and for putting it 
forward in such an interesting form. Dr Bradford, Mr 
Harvey, and Mr Chalkley, we would like you to accept 
the thanks of this meeting for the contribution you have 
made to the Institute’s proceedings. 


The vote of thanks was accorded with acclamation. 
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“ CORRELATION BETWEEN EQUILIBRIUM FLASH VAPORIZATION 
AND ASTM DISTILLATION DATA OF PETROLEUM MIXTURES * 


By J. C, CHU? and E. J. STAFFEL + ¢ 


3 SUMMARY 


In the design and performance prediction of petroleum processing equipments, the correlation between equili- 
brium flash vaporization and ASTM distillation data has been frequently used as an essential tool. The correlations 
proposed so far have not been entirely satisfactory. Discrepancies between the plant data and the results 
calculated from the existing correlations have been frequently encountered by practising engineers. This work 
was undertaken to investigate the existing correlations and to develop an improved one to be used in petroleum 
refining engineering. 

Since the experimental data in the published literature are very limited, the data recently contributed by nine 

major oil companies have constituted the bulk of data compilation for 151 systems, Only sixty-five sets of data 
“ were used in developing the correlation; the remaining sets are either incomplete or eliminated because of 
; indication of cracking during the distillation. Starting with the atmospheric ASTM curve, several variables were 
investigated, including characterization factor, slope ratio, average molecular weight, and various slopes of 
ASTM distillation curves, The correlation finally developed consists of an improved method in predicting the 
50 per cent equilibrium flash vaporization (EFV) from 50 per cent ASTM point with characterization factor, and 
10-70 per cent ASTM slope as additional variables. The slope of EFV at different percentages of vaporization 
are related to those of ASTM in the same way as suggested by Edmister and Pollack.’ However, the graph has 
been modified in the light of sixty-five sets of consistent data, 
: The present correlation, as well as the previous ones, was checked with additional experimental data, For the 
50 per cent correlation the arithmetic average error is —12-5° F and mean deviation + 13-5° F, This represents 
an improvement over the existing methods ranging from 40 to 110 per cent, The improvement of similar order 
of magnitude is obtained at the other points, 


this third method is an approximation only. The 
method of Okamoto and Winkle shows a 
In the design and performance prediction of petroleum straight line relationship between the percentage 
processing equipment it is essential to have vapour— off of EF V and the percentage off of ASTM, and does 

liquid phase equilibrium data or flash equilibrium not consider the effect of the ASTM slope. 
data, Many stills have been developed to perform The Maxwell method does make a correction for 
flash vaporization equilibrium studies. ™ curvature. His correction, however, is merely an 
4 However, the laboratory determination requires a average value of deviations. Maxwell asserted the 
: considerable amount of time to attain equilibrium. correction ratio always positive. In about 25 per 
Ten Eyck ® reported } hr to 4 hr to reach equilibrium cent of the samples used in this paper, this ratio was 
for a recirculating type still. In the continuous type found negative. Edmister’s method makes a curva- 
still 3 to 6 hr were required.* In a later paper ture correction and appears to be more convenient. 
Edmister reports 8 to 10 hr to bring the still up to any Although the relationship between 50 per cent 
desired temperature, and 3 hr maintaining steady ASTM and 50 per cent EFV was reported as a straight 
conditions. As there are at least 6 or 7 points required line, a curve may give better fit to the relationship. 
for the determination of the complete flash curve,it can The various terms of deviation presented in Table I 

be seen that these laboratory methods would require are defined as follows : 

tremendous amounts of time. In addition, the units The difference between predicted values and experi- 
require 1 to 2 brl of sample and must be operated by mental values was determined without regard to sign. 
skilled technicians, There are also many controls and This difference was totalled for all the samples and 
: instruments, and the initial cost is high. the total divided by the number of samples gives the 
In view of the above mentioned difficulties in average arithmetical error.? Average algebraic error 
laboratory determinations, use has been made of is the same as above except that differences were 
correlations, developed to estimate equilibrium flash determined with regard to sign. The predicted value 
vaporization (EFV) data from ASTM distillation data minus the experimental value gives the algebraic 
which are easily and readily determined.4*'® '7 difference. Average mean deviation equals the sum 


19, 88, 37 of the actual deviation minus the average algebraic 
The two methods being most widely used are those deviation for all of the samples, divided by the total 
: of Edmister and Pollock’ and Maxwell."* The number of samples. Standard deviation equals the 


Maxwell method is a modification of the Packie square root of the sum of the squares of the actual 
method.” In the Nelson and Harvey method '® the deviation minus the average algebraic deviation for 
flash curve is assumed to be a straight line. As the all the samples divided by the total number of 
flash curve exhibits a certain amount of curvature, samples.® 


* MB received 4 August 1954. { Present address, Baker Castor Oil Co., Bayonne, N.J. 
+ Polytechnic Institute of Brooklyn, New York, 
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Error Comparison— All Methods 


Arith. Alg. Mean Stud 
ave. ave. dev. dey 
10% point : | | 
Okamoto and van Winkle - | +307 31-4 | 26-3 
Maxwell . ‘ ° | 17-95 SS | 17-80 
Maxwell mod, without K 15-60 | 1645 
Maxwell mod. with K"’ 17-05 ole 17-06 
Edmister. ‘ 21-20 601); 210 
Kdmister mod. without K 17-95 7:87 17-67 
Edmister mod, with “ K " 17-80 3-18 18-10 
30° point: 
Okamoto and van Winkle > 20-8 4-18 20-8 Ba-5 
Maxwell 16-46 | 15-04 26 
Maxwell mod, without “ K 15-56 | 15-5 240 
Maxwell mod. with “ K "’ 14-86 2-58 15-3 23-7 
Edmister. 16-95 4-07 18-0) 97-4 
Kdmister mod, without “ K ”’ 15-95 | 1-68 16-08 25 
Edmister mod. with “ K"’ 14-85 2-28 15-13 23-0 
50°, point : 
Okamoto and van Winkle 28-2 +190 20-9 27-4 
Kdmister 16-76 1-35 16-95 24-8 
Kdmister mod, without K 15-00 15-05 25-45 
Kdmister mod. with K 140 13-80 1d 50 
70", point : 
Okamoto and van Winkle . +445 25-0 
Maxwell . 44 20-7 
Maxwell mod, without K O72 15-35 
Maxwell mod. with 12 15-00 
Edmister mod, without K O70 15-20 
Edmister mod, with * K "’ 17-00 


The success of an empirical correlation depends, to 
a large extent, upon the extensiveness of the data 
employed for its development. The accuracy of the 
data assures the right statistical average, and in- 
creases the utility of the resulting correlation. In 
view of the discrepancy frequently encountered 
between plant data and results calculated from the 
existing correlation, this work was undertaken to 
develop an improved correlation. In addition to the 
existing data in the published literature, a consider- 
able amount of unpublished data were obtained from 
nine major oil companies. Among data on 151 samples 
collected, sixty-five sets of data were selected for 
this work. Screening of the data was based upon the 
following requirements : 


(1) The data should be complete by themselves. 
50 per cent points on EFV curve; API gravity ; 
10 per cent ASTM, and 70 per cent ASTM points 
which were employed in the correlation had to be 
available. 

(2) The ASTM curve must be free from any 
evidences of cracking. According to the specifi- 
cation of ASTM distillation, ‘‘ cracking will be 
evidenced by an increase in distillation rate 
with a thermometer reading that may advance 
very slowly, remain stationary, or recede, and an 
effort to adjust the distilling rate will usually 
result in a decided drop in the temperature 
reading.” ' In screening the data with regard 
to cracking, the data were graphically presented 
for a careful scrutiny to select the data with little 
evidence in cracking. The presence of cracking 
in the later stage of distillation can be detected 
by the slope of the distillation curve. The 
experimental data were not extrapolated be- 
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cause of the inaccuracies involved, especially at 
the initial boiling point and end point. 


The present work is limited to the correlation under 
atmospheric pressure. For the benefit of those 
interested in the statisical basis of correlation, sixty- 
six sets of experimental data, which were selected and 
employed as the basis for the present correlation, are 
given in Table II. The other set of data is presented 
elsewhere.2: 7: 10, 18, 20, 21, 23-27, 29-31, 33, 34 

The ASTM distillation data were obtained in accord- 
ance with D86—46 and D158-—41 of Standards of ASTM. 
Method D86—46 was prepared to be used for gasoline 
and similar petroleum products. The reproducibility 
is +-6° F for the initial boiling point and the end 
point. The reproducibility should not exceed the 
differences in temperature readings over 2 ml of 
distillate at the point in question. Method DI58—41 


Il 


Atmospheric ASTM and EF V Distillation Data 


Napl Napl 

Treated . 

Saginaw Dress btme 
Deseription crude pre 25-4",, of dist 68%, of 
«list ge 


Mid Mid- |. onthe 
rinkler gua oll 
Deseription Cont Cont Cont naphthe kere 
gas oil crude gaa oil 
blend 
Sample no.’ 25 24 25 27 
LBP 175 130 148 268 
Ww 512 250 326 S46 sie 172 
20°, 529 302 ‘20 hon 20 
‘ 545 386 42 208 
167 578 | 619 
570 ho 567 26 393 
6432 720 Hos 571 2s 
70% 604 | G4l 612 456 
90", 665 * lolo 746 692 
E.P. 730 1250 lll? 575 
| 
B.p. 533 19) gol 160 
10%. 551 25s 357 
20% . 563 $21 455 250 
30% . ‘ 573 385 518 29% 
10%. 451 575 327 
50% 589 615 627 452 
60% 598 6748 379 
70% 607 645 724 soo 
620 423 
wr, 


DP, 665 


Katrapolated 


® Corrected from vacuum distillation. 


- Sample ne, 17 18 21 
“API 52:3 30-3 41-2 
\STM 
187 lal | 465 165 255 
20°, 248 200 218 
a0”, 293 | 958 327 
or, 475 S48 355 
x0", we 167 405 iz 
we, | 90 505 } 432 | 443 
B.p ‘ 127 | 354 122 
20°, 275 200 406 22% | $20 
30°, 307 237 15 251 
P 263 422 274 345 
50", 287 42s 2 
70", 325 44l 326 376 
358 mu 358 403 
Dv 390 sul ilo 
5 


Bumple No. 28: Btd, Gaso, 


No. 20: 60% M-P OIL. 


Sample No, 30; 89% M-P bottoms 


sumple No, 34: Mexia Powell crude 


Sample No. 36: 60% eol, 


Sample No, 41: water white bottoms 


Sample No. 31: 7 
43-7 


ASTM 


279 
296 
$21 
400 
156 


Bample No, 32: 3 
ou’ 
ASTM 


450 


Sample No, 33: 
55-4 


| Sample No, 37; 
216 


ASTM 


792 
063 


Sample No, 58: 


27 


ASTM 


402 
700 


(885) 


Sample No, 39; Kaso gasoline 
51-6" APL* 
ASTM 


Sample No, 45: 
| 27-6 


ASTM 


Sample No, 45; 
35-5 
Vlash 
309 
335 
550 
658 


Sample No, 47: 


296 


-(contd.) 


Sample No, 49: 
40°38” API*® 


% ASTM 
5 176 
Ww 212 
20 266 
475 
70 651 


Sample No, 51; 


% ASTM 
221 
266 
20 538 
DAD 
0 715 


Sample No. 54: Lobitos crude 
56-8" APL* 


% ASTM 


5 205 
224 
20 269 
50 464 
70 


Sample No 56; 


crude 

% ASTM 
212 
10 252 
20 315 
50 578 
70 764 


Sample No, 53: 
28-2 


% ASTM 


5 411 
lu 446 
20 490 
559 
70 638 


Description 


Sample no, 


ASTM: 


LB.P,° F 

5° recovered 
10% recovered 
20%, recovered 
30% recovered 
40% recovered 
50% recovered 
60% recovered 
70% recovered 
80% recovered 
90%, recovered 
® recovered 


Residue, 
Loss, %% 


EFV: 
LBP, 


vaporized 
26% vaporized 
50°, vaporized 
40°, vaporized 
50% vaporized 
60% vaporized 
70% vaporized 
80%, vaporized 
85°, vaporized 


Sample No. 48: Colombian crude— 
26-8° API * 

ASTM 
5 265 560 
B16 406 
20 440 490 
50 «6712 665 
700875 70 


26-9 
182 
263 
697 


Kansas crude- 


T.B.P. 


Hendricks crude— 
$2-6° API 


T.B.P. 


Santa Fe Springs 
API” 
T.B.P. 


Magnoland crude 
pr 


} 
| 
| 
| 
| 
| 
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Sample No, 50; Elwood crude— 
36-5° APL 


% ASTM Flash T.B.P. 
5 194 260 184 
10 230 282 220 
20 290 330 270 
nO 454 467 465 
70 626 556 637 


Sample No, 62; T.B.M, crude 


API” 
% ASTM Flash yw 
5 172 261 182 
10 212 296 215 
20 280) 360 285 
BY 491 530 507 
658 632 686 
Sample No. 55: Penn. crude— 
43-1° API 
% ASTM Flash T.B.P. 
5 212 $11 185 
10 250 M45 226 
20 310 388 300 
531 520 524 
675 


70 671 610 


Sample No. 57: Laling crude— 
34-0° API * 


% ASTM Flash T.B.P. 
4 324 397 278 
361 421 323 
20 421 456 403 
603 563 691 
70 725 635 717 


Sample No, 50; treated 
51-8° API* 


% ASTM Flash T.B.P. 
5 135 145 _ 
10 165 165 

20 213 199 

50 313 275 


70 374 $18 
Sample Ne, 60; crude 
29-6° API 


% ASTM Flash 


5 135 145 
Ww 165 
20 199 
MO 273 — 
70 318 


Kast Texas | 
heavy 
naphtha 


Mid-Cont. 


| Crude heavy | Crude light 


naphtha naphtha 
63 * 61° 
518 19-3 64-5 
250 250 111 
281 
288 | 291 | 156 
295 320 177 
303 340 192 
310 S54 207 
316 370 | 219 
323 232 
330 397 2458 
340 413 264 
356 437 293 
380 | 
a: 477 461 
10 | 
10 Ob 
Vap F Vap 
275 
286 329 6-38 173 
203 law 24:7 18] 
298 451 565 | 610 199 
304 3 S74 54-5 
309 106 78-2 218 
313 403 86-6 229 
317 97:7 413 (00-6 235 
322 
324 


HAD 
Taste 
wo APIL™ APL* 
ASTM Flesh T.BPC.| % Flash 
x 4 132 157 75 5 S07 222 
ly 165 166 (8) 320 248 
20 166 187 153 20 335 
267 236 267 $75 
$12 260 402 166 | 
% ASTM Flash | h T.B.P.C, | 
b 200 (222) | 202 231 143 250 155 
: 217 (237) ee 227 248 182 269 
uw 250 272 227 | 20 267 276 224 307 262 | 
: | 9% M-P bottoms 
% ASTM Fiash % ASTM Flash = ‘T.B.P.0, 
297 262 5 235 200 299 180 | 
10 ($27) 273 242 326 | 
345 360 320 382 $12 
563 (580) | 576 531 (568) 533 536 | 
70 (7) (678) | 70 725 642 (734) 627 729 
——|— 
79%, col. bottoms 
229 193 521 230 195 
270 244 153 256 24; 
20 342 364 606 308 250 
70 700 638 | (898) (953) 546 622 
Sample No, 35: Mid-COont. crude Columbian crade 
220 | 5 200 192 261 184 
Ww 260 (322) 237 10 334 263 290 221 
336 S78 $23 0 417 368 364 200 
565 580) 643 690 565 562 
665 (762) | 795 698 748 | 
Ww 252 278 157 162 483 486 
w BOG 257 173 173 553 581 | 
50 456 408 148 212 200 1x6 | 
70 462 657 | 70 255 220 263 
a Sample No, 40: water white feed | Sample No, 42: water white O.1, 
372 320 5 352 462 300 
879 401 $87 10 356 366 315 
20 390 410 566 2» 361 338 | 
50 42% 43% 426 50) 377 376 377 
AT APL* | | 
463 ‘79 5 485 601 135 263 
459 426 «(10 blz 525 183 273 
20 468 190 49 20 537 526 389 
: 503 603 58S 591 a | 
536 526 70 626 618 O40 303 } 
Sample No, 44: ranger crude Mid-Cont, crude 322 
| 963 
ABTM Flash T.B.P. 380 87-8 347 38-3 
6 335 286 178 #178 «169 158 160 399 } 
20 330 «863 | 300 837283 veh an. 
648 409 545 | 662 «678 548 | 
7 6600630 708 7 73700 777) 
| | 
Sample No, 46; Mid-Oont, erude erade 295 | 
382° API * 508 
| 
% ASTM Flash T.B.P, 38-2 386 | % ASTM Flash T.B.P, 37-1 38-3 - 314 
176 247 1438 «(188 «(2142 5 194 265 154 318 } 
© 219 275) «6196 «(194 198 | 10 2460 $22 
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Description 


Sample no.?’ 


Description 
Sample no." 


"API 
ASTM : 

5% condensed 
10%, condensed 
20°, condensed 
50°, condensed 
40%, condensed 
condensed 
60°, condensed 
70% condensed 
80°, condensed 
0%, condensed 
95% condensed 
FV: 


30% condensed 
40% condensed 
50% condensed 
60% condensed 
70% condensed 
80% condensed 
90% condensed 
95% condensed 


Sample no,** 


(rude no, 
Ciravity 


Jiistillation off: 


10 
20 
50 
70 
80 
ow 


| 
Distillation off: 
IBP 


10 
20 
10 
oo 
70 
ow 


Distillation 
500 
oon. 
650 . 


% of: 


70°, West Te 
30% 


Mid-Cont. 


reduced crude 


ow 
690 
720 
760 


West Texas 


reduced crude 


6s 
23-4 


519 
574 
619 
658 
691 
735 
70) 


“| Vap. 
1s 


28-9 
39-9 
66-8 
71-6 


Oklahoma 


30% West Texas, 


70% Mid-OCont. reduced 


Taste II 


Mid-Cont. 


crude 


ooo 
ow 


71 74 75 
22-3 244 24-2 
5OR 695 
666 718 715 
739 731 
76R 769 770 
S25 S10 
3s 
99% 970 
1053 1043 
177 1102 
S45 
875 
085 
925 945 
1010 978 
1100 142 1045 
1130 1132 
1178 1185 
78 79 80) 82 85 Mt 85 
34-8 32-1 33-1 31-0 2-4 24-5 
ASTM, ° F 
145 160 172 205 146 200 112 174 
310 282 298 350 250 325 208 383 
360 390 338 42 258 471 
171 126 151 177 100 161 324 525 
528 492 506 iol 515 397 5635 
582 531 533 538 570 477 
640 563 629 67s 
700 647 597 619 699 65) 751 
765 752 720 650 695 787 N28 
S47 x39 717 780 
Experimental (Othmer still), ° 
250 130 
09 | 234 155 
445 27% vol 
428 
507 
oot 
Sal 442 @57 
550 
692 655 ‘ 
ow mie 
750 
Experimental EFV (modified UOP Cont, stil!) 
Hlashed 
22-4 | 30-0 | 20-8 | 12-1 154 
60-5 774 54-8 63-4 
65°79 79-6 754 i3 


(contd.) 
Crude Crude Vac, over, (ins oil Chasoline 
API 15-1 37-0 22-8 
ASTM (186) (D158) 
0% 128 lot 
162 510 44 
lo”, 191 436 515 172 
a", 243 525 332 
495 O34 264 
wen, 507 295 
50, 161 519 
ou", 175 5a0 317 
70°, 547 565 578 323 
553 695 330 
568 337 
EP 602 
EFV laboratory : + 
190 mt 437 
1%, 223 273 475 
20% 258 192 
30°, 205 | 555 
10, a34 toa noo 
no”, S75 516 570 
60%, 417 4X 524 575 
70%, 163 533 579 
632 O46 
E 


® Recovered temperature. t Atmospheric pressure, 


is for gas, oil, and similar products, Its repro- 
ducibility is +9° F at the end point, and 46° F 
over 6 ml at the other points. The method for the 
determination of equilibrium flash vaporization has 
not yet been standardized. However, it is not 
expected that any significant deviation may result 
from the diversified sources of the data, 


CORRELATION 


After careful analyses and studies of existing 
correlations and attempts at many arrangements in 
arriving at an improved correlation, a method which 
is a modification of Edmister and Pollock is developed 
giving the least deviation from experimental data. 
This consists of an improved method in estimating the 
50 per cent EFV point, followed by the same method 
of incremental slopes of Edmister and Pollock.’ In 
Fig 1 the difference of the 50 per cent point between 
ASTM and EFV curves is plotted versus the 50 per 
cent point of ASTM distillation curves, using as para- 
meter the slope of a straight line connecting the 10 
per cent and 70 per cent point of ASTM distillation 
curves. This plot is based upon the statistical 
average of sixty-five sets of data selected for the 
development of correlation. The other slopes have 
been tried, including that of 10-30 per cent slope used 
by Edmister and Pollock.? The 10-70 per cent 
slope of the ASTM curve is used as the parameter in 
the correlation because the resulting correlation gives 
a better fit to the experimental data, With the 
correlation represented by Fig 1 the 50 per cent point 
of the EFV curve can be obtained from the data of 
ASTM distillation. 

A further refinement in estimating the 50 per cent 
EFV point can be made with a correlation repre- 
sented by Fig 2, which shows the difference of 50 per 
cent EFV between the estimated value from Fig | 
and the more refined value is again plotted versus 
10-70 per cent, slope of ASTM distillation curve using 


— 
ASTM 
20% . 651 608 
10, 739 672 
70% 916 BOO ‘ 
79% | 930 
80% ; 877 
86% | ou 
| 17 690 13-0 
26 720 29-2 
a9 760 6-6 
57 SOU 781 
| 
| 
| 
. 2 
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a 


SOX calc - SON refined EFV 


--4 
50% ASTM 10-70 ASTM SLOPE 
40 $00 600 700 600 900 3 4 5 6 


Fia | Fic 2 


RELATION BETWEEN 50 PER CENT EV AND 50 CENT CENT FURTHER CORRECTION FOR 50 PER CENT ON EVV CURVE 
ASTM POINT 


0-10 SLOPE 


70-90 SLOPE 


L 
“4 


@-10 ASTM SLOPE 30-50 ASTM SLOPE 70-90 ASTM SLOPE 


10-30 EFv | 


50-70 EFV SLOPE 


7 


10-30 ASTM SLOPE 50 70 ASTM SLOPE 100 


Fic 3 
COMPARISON OF EXPERIMENTAL DATA WITH THE SLOPE CURVES OF EDMISTER ET AL. 
Points = experimental data. Curve = Edmister’s correlation. 


| 
ECE 


characterization factor as parameter. The charac- 
terization factor, K,'!*5 used in the correlation, is 
obtained from API gravity and ASTM distillation data 
with the aid of a chart given by Maxwell.!*** In the 
correlation represented by Fig 2, the characterization 
factor varies from 10-8 to 12-4 and the correction varies 
in a wide range —120° to +110° F. The characteriza- 
tion factor is introduced here to account for the 
difference in aromaticity. 

With the refined 50 per cent point established on 
the EFV curve, the other points along the curve can 
be obtained by the same method proposed by Edmister 
and Pollock,? who gave the curves relating the slope 
of EFV with that of ASTM. Altogether six curves 
are given for the slope in the ranges of 0-10, 10-30, 
30-50, 50-70, 70-90, and 90-100 per cent. These 
curves are checked with selected sets of data. In 
Fig 3 the experimental data are located along with 
the curves given by Edmister and Pollock.’ Al- 
though there appears some scattering, the curves 
are a fair representation of statistical average. The 
agreement between the curves and experimental 
data is especially good in the middle range of dis- 
tillation, i.e. 10-30, 30-50, 50-70, 70-90 per cent, 
where the experimental data are more accurate. For 
this reason Edmister and Pollock’s slope curves are 
used in the modified correlation and the refined 50 
per cent point on EF is located. 

The application of the correlation can be illustrated 
by estimating the curve of equilibrium flash vaporiza- 
tion of a mixed base crude having the following ASTM 
distillation data 


¥ 


ASTM Distillation, © F 


API 
Gravity Initial 5% | 10% 20% 30% 
37-9 150 333 389 


Y Re- 
0 
40% 50% 60% 70% 80% EBP | covery 


445 497 | 542 596 688 | 777 | SS 


CALCULATION 


Assume | per cent loss, the ASTM distillation data 
are corrected to give : 


Volume %, off Temp, © F 


0 134 
10 264 
30 384 
5O 490 
70 590 


10-70 per cent ASTM slope 

590 — 264 
60 

Volumetric average b.p. = 490° F 

Mean av. b.p. 424° F 

Characterization Factor — 11-45 

From Fig | at 50 per cent ASTM of 490° F and 

10-70 per cent slope of 5-5° F per cent 
50) per cent EFV point = 490 — 35 = 465° F 


== 55° F per cent 
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97 
From Fig 2 at UOP K = 11-45 

50 per cent EFV corrected = 465 — (—9) = 474° F 
With this 50 per cent EFV of 474° F the calcula- 


tion of other EFV points are done in the following 
table : 


ASTM EFV 
Volume Temp Temp 
% off | Temp | differ Slope, differ. | Temp, Slope, 
ence, F/% ence, F/% 

0 134 | 234 

10 264 130 13 7 77 Stl 

30 384 120 6 45 ot) 401 

400 106 53 3:65 73 474 

70 590 3-3 66 540 


The same ASTM distillation data are also treated 
by Maxwell’s and Edmister and Pollock’s methods 
to obtain the atmospheric equilibrium flash vaporiza- 


600 t t 
MOOIFIED COMmISTER 
CORRECTED FOR K 
Me THOO 
6 METHOD 
45 
EXPERIMEN TAL 
GA 
WZ 1“ 
Y) 
% EVAPORATED 
4 


COMPARISON OF VARIOUS METHODS OF EQUILIBRIUM FLASII 
CURVE CALCULATION 


Taste Il 


Comparison of Equilibrium Flash Curves as Caleulated by 
Various Methods 


Modified 
Experi Edmister 
Evap. mental Maxwell Edmister eorvested 
for 
IBP 242 231 217 (est.) 227 (exst.) 
10 325 303 300 310 
30 41} 384 390 400 
50 475 453 464 474 
70 535 


508 530 540 


tion data. These calculated values, together with 
experimental data of equilibrium flash vaporization, 
are given in Table II], and are graphically compared 
in Fig 4. It ean be seen that the present modifica- 


{9s CHU AND STAFFEL: CORRELATION BETWEEN EQUILIBRIUM FLASH 


tion of Edmister and Pollock’s method gives better 
agreement with experimental data. 


DISCUSSION OF RESULTS 


In estimating EFV curve from ASTM distillation 
data, Maxwell’s method consists of several steps. 
First draw a straight line through the 10 per cent 
and 70 per cent points on a plot where ASTM distilla- 
tion temperatures are plotted versus volume per- 
centage of distillation. This line is referred to as 
* Distillation Reference Line.” * The next step is to 
find the temperature corresponding to the 50 per cent 
point on the “ Distillation Reference Line” (DRL). 
The “ Flash Reference Line ’’ (FRL) is then located by 
obtaining 50 per cent and its slope from the charts 
developed by Maxwell.’ The temperature differences 
between the flash equilibrium vaporization curve and 
FRL are found at different volume percentages of 
vaporization by multiplying the temperature differ- 
ence between ASTM and DRL by a factor. The 
factors at different percentages are fixed values and 
are graphically given.” With the temperature 
difference between DRL and ASTM, and FRL line, 
the temperatures at different percentages of equili- 
brium flash vaporization can be calculated, This 


method was first proposed by Packie and modified 
to its present form by Maxwell,” 

For the sixty-five sets of selected data which were 
used to develop the present correlation, Maxwell's 


method was used to estimate EFV curves from ASTM 
distillation curves. 
pared with the experimental values, Four kinds of 
deviations are reported; arithmetic average, alge- 
braic average, mean average, and standard deviation. 
These deviations at 10, 30, and 70 per cent points 
are reported in Table 

With the present proposed method of locating the 
50 per cent EFV point, it is interesting to see whether 
the procedure developed by Maxwell can give better 
prediction of the complete EFV curve. The so-called 
modified Maxwell's method, without the use of 
characterization factor, is operated as follows : 

Use Fig 1 to estimate the 50 per cent EFV point 
from ASTM distillation data, Find the temperature 
difference between EFV and FRL by the same pro- 
cedure of Maxwell. With the temperature difference 
between EFV and FRL obtained, the 50 per cent 
FRL point can be readily calculated from the 50 
per cent EFV, With all the rest of the procedure 
identical to that of Maxwell, the complete EFV can 
be estimated. The calculated EFV are compared 
with experimental data for the sixty-five sets of data 
used for developing the correlation. The deviation 
at 10 per cent point is +15-60° F in arithmetic 
average; —3-62° F in algebraic average; 16-45° F 
in mean average, and 27-1° F in standard deviation. 
The corresponding deviations at 30 per cent point are 
+1556 °F, —6-O1° F, 15°5° F, and 240° F, At 
70 per cent point the corresponding deviations are 


+ 15-39° F, 4-0-72° F, 15-35° F, and 22-3° F. 


The calculated EFV are . 


If further correction upon 50 per cent EFV point by 
the characterization factor is made, the Maxwell's 
procedure gives better results, as indicated by the 
deviations given under modified Maxwell's method, 
with the use of characterization factor, in Table I. 
The same sixty-five sets of experimental data were 
also treated by Edmister and Pollock’s procedure with 
their original charts. By omitting the correction for 
characterization factor, the same data were treated 
by Edmister and Pollock’s method after the location 
of 50 per cent EFV point by Fig 1. This is so-called 
modified Edmister’s method, without the use of 
characterization factor. The results of comparison 
with experimental data in terms of four kinds of 
deviations are all given at 10, 30, and 70 per cent 
point in Table I. 

Okamoto and van Winkle !” presented a new correla- 
tion to estimate the EFV curve from ASTM distilla- 
tion. The calculated EFV was compared with the 
present sixty-five sets of data. The deviations at 
70 per cent are + 463° F in arithmetic average ; 
-+-44-5° F in algebraic average; 28° F in mean devia- 
tion, and 353° F in standard deviation. The corre- 
sponding deviations at 50 per cent point are + 26-2", 
+-19°, 20-9°, and 27-1° F. In Table I also are the 
deviations at the 10 per cent, and 30 per cent points. 
It appears that Okamoto and van Winkle’s correlation 
give the highest deviation from experimental data as 
far as atmospheric pressure is concerned. 

Many other methods were attempted with varying 
degrees of success. Included in the study was the 
effect of slope ratio which was defined as the ratio of 
the slope at 10-30 per cent to that of 40-70 per cent 
ASTM. distillation curves. Those mixtures contain- 
ing predominantly light components would have 
a slope ratio less than unity, whereas the mix- 
tures with heavy components would have a slope 
ratio greater than unity. This variable, however, 
could not find its way into the correlation. Rela- 
tionships similar to those developed for the estimation 
of 50 per cent EFV points were tried out at the other 
points on the flash curve. Correlations were obtained 
for all the other points, but none of these gave results 
in better agreement with experimental data than the 
correlation presented in this paper. The effect of the 
characterization factor was also studied at other 
points on the flash curve. No correlation could be 
obtained. The other variables, which were investi- 
gated with varying degree of suecess, include average 
molecular weight, volumetric average boiling point, 
and the ratio of the 10-30 ASTM slope to the 60-70 
ASTM slope.” 

It is assumed that the characterization factor would 
have as much an effect on any point of the flash 
curve as it does on the 50 per cent point. As it does 
not appear to benefit the 70 per cent points, some 
doubt is cast on the validity of the correction by the 
characterization factor at the 50 per cent point. 
Also, the 50 per cent point correction due to the 
characterization factor may be a unique one in that 
the original error was back-plotted against one of the 


original variables (slope) on the characterization 
factor correction graph; and the final error was 
reduced, but not through the effect of the charac- 
terization factor. On the other hand, if the error 
could be reduced in such a fashion, it should have 
reduced the error at the 10 per cent point and the 
70 per cent point. 

Most uncertainties in predicting EFV values by 
empirical methods exist in the ends of the curves. 
Also, those materials with wide boiling ranges show 
greater errors than those with narrow boiling ranges. 
It is believed that the increased slopes are the cause 
of these uncertainties. There are areas where the 
temperature is increasing at a relatively rapid pace, 
while lag in reading exists in the thermometer. 
Whenever the temperature is rising rapidly, the 
observer is likely to make errors of observation. 
Consequently, the experimental error is quite reason- 
ably responsible for this uncertainty. 


ACKNOWLEDGMENT 


Grateful acknowledgement is made to the following 
companies who have gererously contributed data for 
this paper : Standard Oil Development Co., California 
Research Corpn, Pan American Oil Co., Phillips 
Petroleum Co., Socony-Vacuum Oil Co., Sun Oil 
Co., The Texas Co., Universal Oil Products, and 
Sinclair Research Laboratories. 


References 
1 American Society for Testing Materials ‘‘ Standards on 
Petroleum Products and Lubricants D158-41, D&86—46, 
and D287-39.” 
* Elliott, L. P. California Research Corpn, Private Com- 


munication. 
* Croxton, F. E., and Cowden, D. J. ‘‘ Applied General 
Statistics."’ New York: Prentice-Hall, Inc., 1941. 


4 Edmister, W.C. Petrol. Engr, 1947, 18, 39. 

5 Edmister, W. C., and Bowman, J. R. Chem. Engng Progr. 
(Symposium Series), 1952, 48 (2), 112. 

* Edmister, W. C., and Bowman, J. R. Chem. Engng Progr. 

(Symposium Series), 1952, 48 (3), 46. 


VAPORIZATION AND ASTM DISTILLATION DATA OF PETROLEUM MIXTURES 


* Nelson, W. L., and Harvey, R. J. 


’ Caldwell, 


* Ten Eyck, E. H. 


* Watson, K. M., and Nelson, W. L. 


’ White, K. R., and Brown, G, G. 


99 


Edmister, W. C., and Pollock, D. H. 
1948, 44, 905-26. 


Chem. Engng Progr., 


Edmister, W. C., Reidel, J. C., and Merwin, W. J. Trane. 
Amer. Inst. chem. Engrs, 1943, 39 (4), 457. 

Ezekial, M. ‘“ Method of Correlation Analysis.’ New 
York: J. Wiley and Son, 1941. 


Fancher, G. H. Petrol. Engr, 1931, 2, 176-80. 

Hougen, O. A., and Watson, K. M. ‘ Chemical Process 
Principles.”’ New York: J. Wiley and Son, 1943. 

Leslie, E. H., and Good, A. J. Industr, Engng Chem., 
1927, 19, 453-60. 


Maxwell, J. B. “ Data Book on Hydrocarbons.’ New 
York: van Nostrand Co., 1950, 

Nelson, W. L. “ Petrol Refining and Engineering,’ 3rd 
Ed. London: McGraw-Hill Publishing Co., 1949. 


Oil Gaa J., 1948, 47, 71. 

Obryadchikov, 8S. N. 1932, 24, 
1155-70. 

Okamoto, K. K., and van Winkle, M. 
Chem., 1953, 45, 429. 

Othmer, D. F., Ten Eyck, E. H., and Tolin, 8. 
Engng Chem., 1951, 43. 1607-13. 
Packie, J. W. Trans. Amer. Inst. chem. Engrs, 1941, 37, 
51-78. 
White, P. C. 
tion. 

Paulsen, T. H. Sinelair Oil Co., Private Communication. 

Perry, J. H. ‘‘ Chemical Engineers Handbook,’’ 2nd Ed. 
London: McGraw-Hill Publishing Co., 1940. 

Peters, W. A. “ Science of Petroleum,” Vol. 2, pp. 1580 
628. London: Oxford University Press, 1938. 

Phillips Petroleum Co., Private Communications. 

Piroomov, RK. 8., and Beiswenger, G. A. Proce. 
Petrol. Inat., 1929, 10 (2), 52-68. 

Skinner, E. M., and Brown, G. G. 
1930, 22, 278. 

P. 
munication. 

Smith, R. B., Dresser, T., Hopp, H. F., and Paulsen, T. H. 
Industr. Engng Chem., 1951, 43, 766. 

Staffel, E. J. Chem. Engng, M.S. Thesis Polytechnic 
Institute, 1953. 

Maxwell, J. B. Standard Oil Development Co., Private 
Communications. 

Barton, P. D. Sun Oil Co., Private Communication. 

Doctoral Thesis ** Phase Relations of 
Petroleum Hydrocarbons,’’ Brooklyn; Polytechnic 
Institute, 1949, 

Kemp, L. C. The Texas Co., Private Communications. 

Gerald, C. F. Universal Oil Products, Private Com 
munication, 

Watson, K. M., and Nelson, W. L. 
1933, 25, 880. 


Industr. Engng Chem., 
Industr. Engng 


Industr. 


Pan American Oil Co., Private Communica 


Amer. 
Industr. Engng Chem., 


Socony-Vacuum Oil Co., Private Com 


Induatr. Engng Chem., 


Induatr. Engng Chem., 
1935, 27, 1460. 
Industr, Engng Chem., 
1942, 34, 1162. 


10 ; 
12 
13 
: 
16 
17 
18 
19 
20 
22 
23 
26 
va 
29 
ao 
a1 
4 
a4 
a 
a5 
‘4 


100 


OBITUARY 


MAURICE ALBION OCKENDEN 


Tue death of Maurice Albion Ockenden at the age of 
seventy-nine on 2 December 1954, removes a respected 
and popular figure of prominence in London business 
circles who accepted his share of civic life responsibili- 
ties. As the direct descendant of the founder of one 
who established an engineering firm which dealt 
mainly with water problems along the South Coast of 
England, he, through the medium of a London office, 
extended the firm’s spheres of activities to overseas ; 
and the drilling and pumping plant they manufactured 
acquired a merited reputation in many of Britain’s 
Colonies and Dependencies, as well as foreign coun- 
tries. Prior to this Ockenden had spent some time in 
the U.S.A., where he learnt much about American 
drilling methods and business customs. 

As far back as 1910 he was induced to transfer his 
allegiance to the world-famous establishment of the 
Oil Well Supply Company of Pittsburg and Oil City, 
Pennsylvania, U.S.A., and in the capacity of London 
Manager employed his talents in salesmanship of oil- 
field equipment such as British engineering firms were 
then unable to supply. With the aid of able col- 
leagues, including the late Ashley Carter and Cecil T. 
Longcroft, he built up a fine organization in London. 
Although he made strenuous efforts to induce his 
principals to manufacture oilfield equipment in 
Britain, he failed, notwithstanding that some negotia- 
tions he conducted almost ended in success. During 
his service with this great Corporation he paid visits 
to the U.S.A, and to many European oilfields. 

The lamented death in 1926 of that remarkable and 
able American head of the O.W.S., Louis Sands, led to 
changes which ended with the control of the concern 
being transferred to the United States Steel Corpora- 
tion of the Carnegie Group; and this event decided 
his severance with the Company and a return to his 
old firm as Director and Controller in London. By 


making this decision he sustained his relations with 
City friends and with civic life in which he participated. 
His duties entailed commercial relations with most of 
the leading oil companies prospecting or developing 
oil properties in many parts of the world, 

From 1925 until a few months prior to his death 
Ockenden was on the Council of the London Chamber 
of Commerce and served on the Commercial Education 
Committee. He was a freeman of the City of London. 
and Liveryman of the Guild of Turners. As a Fellow 
of the Geological Society and a member of the 
Geologists Association, he was a frequent attendant 
at meetings and field excursions. He was a Founder 
Member of the Institute of Petroleum and duly made 
a Fellow when that status was created. His exten- 
sive experience with water supply problems that arose 
from his firm’s operations in England and elsewhere 
led to his advice being frequently sought by public 
bodies and Institutions. He was since 1913 a member 
of the Institution of Mechanical Engineers and was 
also a member of Institute of Structural Engineers. 

For many years he was a member of the Gresham 
Club in the City and later of the Chemical Club in 
Whitehall. He will best be remembered by the 
sympathetic hearing he always gave to all who sought 
information or advice, or were in search of occupation, 
for despite his activity, none was refused a hearing 
when they called at his office in Victoria Street. In 
addition to other commitments he was a director of 
Pre-piling Surveys and of Associated Drilling and 
Supply Company, of London. 

He took a lively interest in social life at Sanderstead, 
where he had resided for many years. He leaves a 
widow, Amy, and a family of three gifted daughters, 
all of whom have established for themselves a high 
reputation in their respective spheres of activity. 

A. Beesy THOMPSON 


FRASERS undertake 
complete engineering in the 
petroleum and petroleum 
chemical fields. This 
service comprises :- 
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Part of a recent 
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with the ORI GINA L beam-scale type 
PNEUMATIC TRANSMITTER 


ELECTROFLO 
PNEUMATIC 
TRANSMITTER 


LEVEL (Differential Pressure Method) 


MOST EXPERIENCED: more than 10 years old, The many thousands 
in service provide an application and performance experience second 
lo none. 


HIGH SENSITIVITY AND ACCURACY, viz: 0.05% and + 0.5% 


of scale 


MAXIMUM RESPONSE SPEED: 6) output pressure attained within 


A 


LEVEL (Buoyancy Method) 


of applications—means fewer parts, less friction, greater sensitivity and 
accuracy. Has an “on-site’’ rangeability of 2to 1, Double weigh-beam 
rangeability of 20 to 1. 

Design includes adjustable reaction element extending rangeability 
without change of parts. Single and double weigh-beams interchange- 
able on site in any transmitter. 


HIGHEST RANGE SUPPRESSION. Up to. 80%, of maximum reading: 
often useful when measuring pressures and liquid levels. 


a fraction of a second, for minimum to maximum change in ed 
variable. 


GREATEST RANGEABILITY. ‘Total range spread (with standard 
elements) 0.7 to 700” w.g. or 1000 to 1, 


one of the 


Advertisement of 


INTERCHANGEABLE SINGLE AND DOUBLE WEIGH-BEAMS 
with adjustable reaction element. Single weigh-beam—suiting a majority 
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WO AMBIENT TEMPERATURE CHANGE EFFECT — stable zero: 


no bellows. 


MOST APPLIGATIONS. Eloctrofic beam-scale type Pneumatic Trans- 
mitters are available for the measurement of pressure from full vacuum 
to 3000 p.s.i.; differential pressures, liquid levels, liquid density, ratios, 
etc., and for all fluids and gases, including pitch and residue fuels. 


Most Experienced — Best All Round Performance 


range of INDUSTRIAL INSTRUMENTS & AUTO CONTROLS 


ELECTROFLO METERS 


COMPANY LIMITED, 


ABBEY ROAD, PARK ROYAL, LONDON, N.W.10 
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FOR 
HIGH 
TEMPERATURE 
SERVICE 


Conforming to B.S.S. 1750-1951, Stud Bolts and Nuts 
are being supplied by Rubery Owen to all the principal 
Oil Companies and Refinery Equipment Manufacturers 
in ever increasing quantities. Special production facilities 
have been planned to suit every requirement to both 
British and American Standards with either Unified or 
Whitworth Threads. 


RUBERY OWEN 


STUD BOLTS AND NUTS 
RUBERY, OWEN & CO., LIMITED 
DARLASTON, SOUTH STAFFS., ENGLAND 

Member of the Owen Organisation 


London Export Department: Kent House, Market Place, Oxford Circus, W.1 
Canadian Office: 1470. The Queensway, Postal Station N, Toronto, 14 
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The Post-War Expansion 
of the 
U.K. Petroleum Industry 


Supply, refining, distribution and economics 

are covered by the twelve papers comprising this 

authoritative account of the development of the 
British petroleum industry. 


220 pages Illustrated 


Price 25s. Od. post free 


Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1. 
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From pistons to jets, from jets to. . . who knows ? 
Within the next hundred years science may have 
harnessed an inexhaustible power capable of driving 
aircraft and space ships at speeds hitherto 
undreamed of. Interplanetary travel will then be a 


reality 


But meantime, coal and oil will remain our greatest 
source of power, a diminishing source, to be 
used with the greatest economy. Every year that 
passes, until that “golden age’? will necessitate 
a stricter economy in the use of fuel and more need 


for Kenyon Planned Heat Insulation. 


Planned HEAT INSULATION 


WILLIAM KENYON & SONS LIMITED - DUKINFIELD - CHESHIRE 
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ENGLISH DRILLING EQUIPMENT LTD 


BILBAO HOUSE, 36-38 NEW BROAD STREET, LONDON, E.C.2 


Telephone: LONdon Wall 4941-4 


Telegrams: Buliwheel, Ave, London 


The Edeco Twin Jet Bit is recommended for use in conjunction with high 
velocity drilling fluid circulation. The cuttings are swept upwards by the jet 
stream, keeping the bottom of the hole clean, allowing FASTER PENETRATION 
and MORE HOLE per bit. 


The Edeco Twin Jet Bits are available with all the cutter designs illustrated 
in the EDECO Rock Bit Catalogue No. 82. 


The Jet Circulation ways are forged into the body of the bit avoiding the 
necessity for separate Tubes and allowing thicker walls around the circulation 
passages and, consequently, less danger of “cut outs’. 


REGD.TRAD 
ee The outlets of these passages are fitted with Tungsten Carbide Nozzles with 


bore size to suit customer's requirements. 


TYPE VS 


EDECO PROSPECTORS LTD EDECO CANADA LTD EDECO GERMANY G.M.B.H. EDECO (TRINIDAD) LTD 

Bariby Works, Lindley Moor Road, 10103-80th Avenue, Folschblock C, Hermannstr. 40, P.O. Box 27, San Fernando, 
Nr. Huddersfield, Yorks. Edmonton, Alberta. Hamburg, I. Trinidad, B.W.1, 

Telephone: Elland 28767 Telephone: Edmonton 35825 Telephone: Hamburg 33 39 67 Telephone: San Fernando 2819 
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nm | Have YOU got the right mixer for the job? 


MITCHELL SPECIALISATION IN 
THE AND PETROLEUM 
INDUSTRY ENSURES THE 
CORRECT DESIGN FOR 

YOUR MIXING AND 
BLENDING PROBLEMS 


efficiency. 
est range of designs to suit all 
we ications. 


ptr nosy of side entry mixers has been 
received with great success by Benge 
leading petroleum refiners 
blenders. 


The Unit illustrated shows a 25 h.p. side entry \ 
flameproof mixer for blending petroleum oils. 
Extensive range of other models available. 


Full details on request to: 


L. A. MITCHELL LIMITED - 37 PETER ST, MANCHESTER 2 
Telephone: BlAckfriars 7224 


STRUCTURES 
IN 
STEEL 


We Specialise in 
ALL TYPES OF STRUCTURES 
Required for 
Oil Production and Refining 


ALSO 
‘ KELVIN’ oll iron and ‘MAINSTEEL ' PALISADING 
and All Types of FENCING 
for HOME and OVERSEAS 


A. & J. MAIN & COMPANY LIMITED 


LONDON OFFICE WORKS AND REGISTERED OFFICE 


VINCENT HOUSE, VINCENT SQUARE, 8.W.1 CLYDESDALE IRONWORKS, POSSILPARK 


| GLASGOW, 0.2 
Telephones : Victoria 8375/6/7/8 Telegrams: Kelvin Sowest, London Telephone: Possil 6381 Telegrams : Kelvin, Glasgow 


CALCUTTA: Post Box 36, 16 NETAJI SUBHAS ROAD 
also NAIROBI and CHITTAGONG 
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FORGED STEEL GATE VALVE. No. 1636 
Available for Working Pressures of 600 Ibs. and 
900 Ibs. at 900° Fahr. and in the following sizes :— 

Alternative ends as follows can be supplied : 
Screwed Ends Ball Joint (illustrated,) 
Socket Weld Ends Ball Joint, 


Screwed Ends Gasket Joint, 


Socket Weld Ends Gasket Joint.” — 


: Newman, Hender €& Co. Ltd 

WOOODCHESTER GLOS. ENGLAND 
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BROTHERHOOD 


STEAM TURBINES 


FOR DRIVING PUMPS, ETC. 


Wide range—All types. 
Over 40 years’ experience. 
Hundreds in hand— 
thousands in service. 


BROTHERHOOD 


STEAM ENGINES 


High speed Vertical up to 
500 B.H.P. 
Over one hundred inhand. 


BROTHERHOOD 


COMPRESSORS 


Air, Gasand Refrigerating. 


The widest range in the 
British Empire—made to suit 
your requirements. 
Thousands in service. 


BROTHERHOOD 


REFRIGERATING PLANT 


Ammonia, CO,, Freon, SO,, 

Methyl Chloride. Wide range 
—single and double acting— 

one or more stages. 


BROTHERHOOD 


GENERATING SETS 


Turbine driven up to 
11,000 kw. 

Engine driven up to 340 kw. 
Hundreds in hand. 


also Manufacturers of all kinds of 
PLANT TO CUSTOMERS’ OWN DESIGNS 


WHY NOT SEND YOUR PROBLEMS TO US? 


We shall be pleased to investigate them confidentially 
without commitment 


ETER BOROUGH .- 
COMPRESSOR £ POWER PLAN 


CONNAUGHT 
ROOMS 


are 


Banqueting Rooms 


A CONSTANT READER of these announcements 
has voiced a mild complaint. Why do we 
keep harping on the buildings when he wants to 
hear about the food and wine? Does it really 
matter that the Rooms were built and designed 


from the start for this purpose of banqueting ? 


He should realise that the matter is of supreme 
importance if the banquet with all its great 
tradition is to survive much longer. For the 
organisation and preparation of a banquet in all 
its glory can never be a side-line or a part-time 
job; it calls not only for specialist chefs and all 
their helpers but specialised services too— services 
that ensure that not only the top tables but every 
guest at even the biggest of banquets may have 
every course freshly cooked to the minute, piping 
hot and gastronomically beyond compare! There 
is nothing to compare with the Connaught 
Rooms anywhere in the world. 


Are we wrong and idealistic in seeking such 
perfection? Perhaps we are, but you won't think 
so when next you dine at the Connaught Rooms. 


In the Entrance Hall, there’s another service 
for the benefit of our customers and their 
friends—a bureau where you'll find all your 
travel and entertainment bookings are 
looked after with smooth efficiency. 


TELEPHONE: HOLBORN 7811 


This is the drill—at the Connaught Rooms 
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Step forward in design... 


Stepped forward in construction .. . 


UTTERFIELD 
Road tanks 


and UNDERGROUND 
STORAGE TANKS 


W. P. BUTTERFIELD LTD. 

P.O. Box 38, Shipley, Yorks. Tel.: 52244 (8 lines) 
LONDON : Africa House, Kingsway, W.C.2 

ANO BRANCHES 


Latest of a long line of deliveries to leading organisations, 

the 2,400 gallon 5-compartment Mild Steel Road Tank (top) 

on Bedford Diesel tractor with Carrimore undergear 

illustrates fine use of modern valanced streamlining. The 
outlet cock box (shown open) is readily available yet gives 
protection and safe closure. A similar tank, holding 3,000 
gallons of fuel oil in 3 compartments and mounted on Leyland 
Beaver chassis (Dyson undergear) is also illustrated. Both tanks 
are Butterfield girder-mounted for utmost stability, and 

are stepped in design in accordance with the latest practice. 


— at the destination Butterfield 

Underground Storage tanks take 

over. All-electrically welded; made 
1 ane pn from a steel of specially low phosphorus 
upto /0,000galions content to resist corrosive action. 
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CENTRALISED CONTROL AT ADEN REFINERY: } 


DISPLACER LEVEL 
TRANSMITTER 


At the new Anglo-Iranian Refinery at Aden, 


flow, pressure, level and temperature in two 


60,000 B.P.S.D. Crude Distillation Units are 


automatically controlled from two Central 
Control Desks. 

Levels are controlled by means of the Ever- 
shed Displacer Level Transmitter. These 


transmitters are designed to detect the level 


= 
S 


of liquid, or the interface between two liquids 


in a pressure vessel, and to transmit the 
information to the required central point. 

The instrument is sturdily built, reliable and 
intrinsically safe. For full details of the 
Evershed Displacer Level Transmitter send 


for Publication PD 266/\. 


EVERSHED CENTRALISED INFORMATION AND CONTROL 


EVERSHED AND VIGNOLES LIMITED 
ACTON LANE WORKS © CHISWICK © LONDON = W4 


Telephone: Chiswick 3670 Cables: Megger, London ‘ Telegrams: Megger, Chisk, London 
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... THEREG NO MAGIC ABOUT IT 


. NEITHER ARE THERE ANY magical 
qualities in the ability to bring about 
successful on-stream completions 
when your process construction is 
handled by Procon. 


To Procon personnel, the meeting of 
guarantees is an undivided responsi- 
bility ... theirs alone . . . beginning 
the moment they are assigned to a 
new job... continuing throughout 
the construction period . . . ending 
only after the project has been com- 
pleted to the customer’s satisfaction. 


- ; It is this acknowledgement of re- 
ad sponsibility which assures you of 
process construction that will meet 
your particular needs, whatever they 
may be. It is your guarantee that 
every detail, no matter how small 
or complex, will be carried out ac- 
cording to your specifications. 


These are the qualities which result 
in satisfaction . . . your satisfaction 
... another reason for selecting Pro- 
con for your next process construc- 
tion job. 


PROCON Britain) unre 


PROCESS CONSTRUCTION 
112 STRAND, LONDON, W.C. 2 


PROCON (CANADA) LIMITED 
IN CANADA [40 ADVANCE ROAD 
TORONTO 18, ONTARIO 


PROCON INCORPORATED A 
IN U.S.A. MT. PROSPECT ROAD NA 
DES PLAINES, ILLINOIS 


TECHNICAL WORKS 
ON PETROLEUM 


jOURNAL OF THE 


INSTITUTE OF PETROLEUM 
Annual Subscription 94s. 6d. 


INSTITUTE OF PETROLEUM 


REVIEW 
Annual Subscription 15s. 0d. 


MODERN PETROLEUM 


TECHNOLOGY 


(2nd (1954) Edition) 
Price 35s. Od. post free 


STANDARD METHODS FOR 
TESTING PETROLEUM AND ITS 


PRODUCTS 
Price 40s, Od. post free 


IP ENGINE TEST METHODS FOR 


RATING FUELS 
Price 20s. Od. post free 


SIGNIFICANCE OF PROPERTIES OF 


PETROLEUM PRODUCTS 
Price 7s. 6d. post free 


ASTM/IP PETROLEUM 


MEASUREMENT TABLES 


British Edition—Price 50s. Od. post free 
Metric Edition—Price 55s. Od. post free 


PETROLEUM MEASUREMENT 


MANUAL 
Price 25s. Od. post free 


POST-WAR EXPANSION OF THE 


U.K. PETROLEUM INDUSTRY 
Price 25s, Od. post free 


IP SAFETY CODES FOR THE 


PETROLEUM INDUSTRY 


Parts | & 2—Electrical and Marketing Codes 
Price 38s. 6d. post free 


Published by 


The Institute of Petroleum 
26 Portland Place, London, W.! 
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STOVEPIPE WELDING 


THE SUI-KARAGHI GAS TRANSMISSION LINE 


Prospecting for oil 350 miles from Karachi, the Burmah Oil Co. discovered 
natural gas. A £9-million project will transmit this through 350-miles of 
16” pipe, descending about 750 feet from the Sui range, traversing 
desert and the irrigated Sukkur plain, then crossing the River Indus. 
Messrs. D. & C. and Wm. Press Ltd., one of the Pakistan 

construction group contractors, are working to strict rigid specifications 
as laid down by the Sui-Gas Transmission Co., a subsidiary of the 
Burmah Oil Co., who stipulate that the stovepipe (downhand) 

welding technique must be employed entirely. 

For the past few months both companies have given full co-operation 
in an extensive training programme in this technique and 

have used the Lincoln Welding School facilities. 

Advanced training in Radiographic examination and 
interpretation, and in the application of stovepiping has been 
given to the five Sui-Gas Transmission Co. inspectors who will be 
in charge of this welded project. Following this, Messrs. D. & C. 
and Wm. Press sent all their welding operators to the school 
for training and testing in this method to API-ASME 
code standards. Over 60°, of these men have achieved 
Grade A qualifications. Lincoln SAE 300 Diesel 
Welders, with Lincoln Fleetweld 5 and Shield-Arc 
85 Electrodes, are being used exclusively 
on this 350 mile gas line. 


World’s largest manufacturers of arc-welding equipment and electrodes 


LINCOLN ELECTRIC CO LTD » WELWYN GARDEN CITY «- HERTS - WELWYN GARDEN 920 
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IN THE OIL WORLD 
OAT... 


2 


“‘That’s good, it’s an M-V Motor” 


Oil wells and refineries throughout the world rely on 
M-V electrical equipment. ‘Metrovick’ experience of 
motors and their proper application covers all drives 
in the oil industry, from drilling to refining. Site 
engineers well know how M-V electrical equip- 


ment brings their complex plant into active life. 


09 250 h.p. Type FS Motor. Ak 


Motors for all Industrial Drives 
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VITAL FEATURES 


© LOGARITHMIC CHARACTERISTICS 
© RANGEABILITY 2-100 PER CENT 
\ TOP AND BOTTOM GUIDED PLUNGER 
© SELF-ALIGNING SUSPENDED MOTOR 


FOXBORO-YOXALL LIMITED 


LOMBARD ROAD MERTON LONDON S.W.19 
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For any type country! 


South Durham Stee/ Pipes 
fot the Petroleum 


SOUTH DURHAM STEEL & IRON CO. LTD. (incorporating CARGO FLEET IRON CO. LTD.) 
Malleable Works, STOCKTON-ON-TEES. Telephone: Stockton 66117. 
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BEETHOVEN 


In engineering as in music 
some achieve excellence 


and every one of the products illustrated here is a first class example 
of its kind. 


1. Hayward Tyler—Byron Jackson Chemical Pump in four basic 
sizes with easily removable and interchangeable shaft, stuffing 
box and bearing units. 


2. Hayward Tyler—Byron Jackson SM (Saddle Mounted) Process 
Pump for temperatures up to 800°F., with provision for cooling 
stuffing box and bearings and with choice of gland packing or 
mechanical seal. 


3. Hayward Tyler—Terry steam turbine especially suitable for 
driving pumps handling explosive liquids. Will operate as a 
pressure reducing valve where a boiler installation exists for heat 
or process work. 


4. pe Tyler—Byron Jackson DSHO (Double Suction Hot 
Oil) pump for handling high temperature liquids on continuous 
operation with maximum freedom from cavitation. 


5. Hayward Tyler—Byron Jackson VC (Vertical Cut) two-stage 
Pump for temperatures up to 900°F. and capacities up to 5, 
Imperial gallons per minute. 


6. Hayward Tyler—Byron Jackson VMT and VHT pumps for hand- 
ling hot or cold, corrosive or non-corrosive liquids wherever 
the nett positive suction head is limited. Eliminates under- 
ground pumping stations. 


HAYWARD TYLER 


& CO., LTD. 
LUTON, BEDFORDSHIRE, ENGLAND 


TELEPHONE : LUTON 6820-9 
TELEGRAMS : TYLEROX TELEX LUTON 
LONDON OFFICE : 20 GROSVENOR PLACE, WESTMINSTER, S.W.1 
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FOURTH 


WORLD PETROLEUM CONGRESS 
Rome, June 6-15 1955 


A unique opportunity to take stock of the present status of 
petroleum science and technology, 


to meet the “petroleum men” of all 
the world, 


to visit Italy, its industries, its works 


Please register at the 
Secretariat General of the Fourth World Petroleum Congress 
Via Tevere 20, ROME 


For any information, please apply to the British National Committee 


26 Portland Place, London, W.1 
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‘* Newallastic ’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 
be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 


POSSILPARK GLASGOW 


4) 


comprehensive 
service 


ATMOSPHERIC AND VACUUM 
DISTILLATION UNITS 


COMBINED DISTILLATION, 
CRACKING, REFORMING AND 
VAPOUR PHASE TREATING UNITS 


PRESSURE DISTILLATE RE-RUN UNITS 


GASOLINE RECOVERY 
AND STABILISATION UNITS 


FRACTIONATING COLUMNS 
TUBE STILLS 


WAX REFINING, SWEATING AND MOULDING 


Craig & Company Limited 


Caledonia Engineering Works 


Paisley, Scotiand 


London Office: 727 Salisbury House, London Woll, E.C.2. Phone: NATional 3964 


ec 


ae 
a 
& 
4 
: 
4 
1 
i 


